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TIME SHIFTING OF CO-CHANNEL DATA
TRANSMISSIONS TO REDUCE
CO-CHANNEL INTERFERENCE

PRIORITY CLAIM

The present Application for Patent 1s a continuation appli-
cation of U.S. Non-Provisional application Ser. No. 13/263,
983, filed Jan. 19, 2012, which 1s a 35 USC 371 National
Phase Entry of PCT Application No. PCT/US2010/034311,
which claims priority to and the benefit of U.S. Provisional
Application No. 61/177,207, filed May 11, 2009. All of said
applications are assigned to the assignee hereof and are

hereby expressly incorporated by reference herein as 1t fully
set forth below.

TECHNICAL FIELD

The present invention relates generally to a communication
system. The present invention relates 1n particular to a trans-
mitter for use in the communication system, a method of
transmitting control data and information data in the commu-
nication system, and a remote station for use in the commu-
nication system.

BACKGROUND

Modern mobile cellular telephones are able to provide
conventional voice calls and data calls. The demand for both
types of calls continues to increase, placing increasing
demands on network capacity. Network operators address
this demand by increasing their capacity. This 1s achieved, for
example, by dividing or adding cells and hence adding more
base stations, which increases hardware costs. It 1s desirable
to 1increase network capacity without unduly increasing hard-
ware costs, 1n particular to cope with unusually large peak
demand during major events such as an international football
match or a major festival, in which many users or subscribers
who are located within a small area wish to access the net-
work at one time.

When a first remote station 1s allocated a channel for com-
munication, a second remote station can only use the allo-
cated channel after the first remote station has finished using
the channel. Maximum cell capacity 1s reached when all the
allocated channels are used 1n the cell. This means that any
additional remote station user will not be able to get service.
Co-channel mterference (CCI) and adjacent channel interfer-
ence (ACI) further limit network capacity and will be dis-
cussed below.

Network operators have addressed this problem 1n a num-
ber of ways, all of which use added resources and added cost.
For example, one approach 1s to divide cells into sectors by
using sectored, or directional, antenna arrays. Each sector can
provide communications for a subset of remote stations
within the cell and the interference between remote stations in
different sectors 1s less than 11 the cell were not divided into
sectors. Another approach 1s to divide cells into smaller cells,
cach new smaller cell having a base station. Both these
approaches are expensive to implement due to added network
equipment. In addition, adding cells or dividing cells into
smaller cells can result 1in remote stations within one cell
experiencing more CCI and ACI interference from neighbor-
ing cells because the distance between cells 1s reduced.

According to another approach, a base station 110, 111,
114 may transmit two signals on the same channel, each
signal for one of two users, by operating according to meth-
ods known collectively as either Multi-User on One Slot
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(MUROS) or Voice services over Adaptive Multi-user on One
timeSlot (VAMOS). According to the methods, a different

training sequence 1s used for each signal.

One remote station may receive 1ts own wanted SACCH
data and unwanted SACCH data for another remote station
contemporaneously on the same channel. If the one remote
station recerves the unwanted SACCH data at a higher power
level than the level at which 1t receives its own wanted
SACCH data, say 10 dB higher, then the unwanted SACCH
data may interfere with the wanted SACCH data so that the
quality of the received wanted SACCH data 1s degraded too
much for a call to be maintained by the one remote station.

Pending international patent application having applica-
tion number PCT/US2008/085569, filed on Dec. 4, 2008 and
assigned to the assignee hereol, describes that newer codecs
such as AMR allow lower bit rate modes to be used for
channels experiencing poor radio channel conditions. There
1s generally no such mechanism of adjusting bit rate for
signaling channels (e.g. SACCH) and therefore the signaling
data 1s less well protected against channel degradations than
traffic data. SACCH data 1s affected worse by co-channel
operation than traffic (TCH) data because the SACCH has no
redundancy, 1.¢., every SACCH frame must be recerved with
few errors.

DTX 1s a method that improves overall efficiency of a
wireless device by momentarily discontinuing the transmis-
s1on of voice data when there 1s no significant voice mput to
the microphone of the wireless device (e.g. a remote station).
Typically 1n a two-way conversation, a user of a remote sta-
tion speaks during slightly less than half of the time. The duty
cycle of the transmission can be cut to less than 50 percent 1f
the transmitter signal 1s switched on only during periods of
voice mput. This improves efficiency by reducing interter-
ence and by conserving battery power.

An ongoing voice call 1s maintained by messaging on the
slow associated control channel (SACCH). The SACCH 1s
transmitted once during every SACCH period. DTX 1s oper-
ated during speech frames. The SACCH signaling frame does
not use this DTX mode. That 1s to say, the SACCH may not
get benefit from DTX 1n the same way that TCH does get
benefit from DTX. The interference of the SACCH for a first
of two paitred remote stations 1s continuously present at the
receiver of the second paired remote station.

There 1s therefore a need to provide improved protection of
interference-sensitive data intended for a particular recerver
against other interfering data not intended for the particular
receiver.

SUMMARY

The features of the invention are set forthwith with particu-
larity 1n the appended claims and together with advantages
thereol will become clearer from consideration of the follow-
ing detailed description of examples of the invention. Various
changes and modifications within the scope of the invention
will become apparent to those skilled 1n the art. The examples
are described with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a transmitter and a
recelver;

FIG. 2 shows a block diagram of a receiver unit and
demodulator of the recerver shown 1n FIG. 1;

FIG. 3 shows example frame and burst formats ina TDMA
system:

FIG. 4 shows part of a TDMA cellular system:;
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FIG. 5 shows an example arrangement of time slots for a
TDMA communications system;

FIG. 6 shows a simplified representation of part of a
TDMA cellular system adapted to assign the same channel to
two remote stations;

FIG. 7 shows example arrangements for data storage
within a memory subsystem which might reside within a base
station controller (BSC) of a cellular communication system:;

FIG. 8 shows a flowchart of a method of assigning a chan-
nel already 1n use by one remote station to another remote
station;

FIG. 9 1s a schematic diagram of apparatus wherein the
method represented by FIG. 8 resides 1n a base station con-
troller:

FIG. 10 shows a recerver archutecture for a remote station
having enhanced co-channel rejection capability;

FIG. 11 15 a schematic diagram of (a) a transmitting appa-
ratus and (b) a recerving apparatus, together suitable for
selecting a recerving apparatus for co-channel operation;

FIG. 12A 15 a schematic diagram showing sequences of
data frames e¢ach containing, or not containing, discovery
bursts comprising co-channel data;

FIG. 12B 1s a further schematic diagram showing
sequences ol data frames each containing, or not containing,
discovery bursts comprising co-channel data.

FIG. 13 1s a flow diagram of a method of selecting a
receiving apparatus for co-channel operation;

FI1G. 14 1s a further flow diagram of a method of selecting
a recerving apparatus for co-channel operation;

FIG. 15 1s a graph of FER performance under different
levels of signal-to-noise ratio for diflerent codecs;

FIG. 16 1s a graph of FER performance under different
levels of carrier to interference for different codecs.

FIG. 17 1s a flow diagram of a method of progressively
increasing the number of discovery bursts within a SACCH
period for a series of SACCH periods.

FIG. 18 shows an apparatus for operating in a multiple
access communication system to produce first and second
signals sharing a single channel.

FIG. 19 shows an example of TDMA frame mapping for
traffic channel half-rate speech (TCH/HS) and slow associ-
ated control channel/Half-Rate Speech (SACCH/HS) 1n
legacy VAMOS mode.

FIG. 20 shows an example of TDMA frame mapping for
traffic channel half-rate speech (TCH/HS) and slow associ-
ated control channel/Half-Rate Speech (SACCH/HS) 1n
Shifted-SACCH mode.

FI1G. 21 1s anillustration of a DTX performance analysis of
the C/Iused by SACCH for 1% FER versus the C/I used for
TCH for 1% FER.

FIG. 22 A 15 a graph of the TCH and SACCH performance
without DTX.

FIG. 22B 1s a graph of the TCH and SACCH performance
with and without DTX.

DETAILED DESCRIPTION

Interference due to other users limits the performance of
wireless networks. This interference can take the form of
cither interference from neighboring cells on the same fre-
quency, known as co-channel mtertference (CCI), discussed
above, or neighboring frequencies on the same cell, known as
adjacent channel interference (ACI), also discussed above.

FIG. 1 of the accompanying drawings shows a block dia-
gram of a transmitter 118 and a recerver 150 1n a wireless
communication system. For the downlink, the transmitter 118
may be part of a base station, and recerver 150 may be part of
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a wireless device (remote station). For the uplink, the trans-
mitter 118 may be part of a wireless device such as a remote
station, and recerver 150 may be part of a base station. A base
station 1s generally a fixed station that communicates with the
wireless devices and may also be referred to as a Node B, an
evolved Node B (eNode B), an access point, etc. A wireless
device may be stationary or mobile and may also be referred
to as a remote station, a mobile station, a user equipment, a
mobile equipment, a terminal, a remote station, an access
terminal, a station, etc. A wireless device may be a cellular
phone, a personal digital assistant (PDA), a wireless modem,
a wireless communication device, a handheld device, a sub-
scriber unit, a laptop computer, etc.

At transmitter 118, a transmit (IX) data processor 120
receives and processes (e.g., formats, encodes, and inter-
leaves) data and provides coded data. A modulator 130 per-
forms modulation on the coded data and provides a modu-
lated signal. A transmuitter umit (TMTR) 132 conditions (e.g.,
filters, amplifies, and upconverts) the modulated signal and

generates an RF modulated signal, which is transmuitted via an
antenna 134.

At receiver 150, an antenna 152 recerves the transmitted
RF modulated signal from transmitter 110 together with
transmitted RF modulated signals from other transmuitters.
Antenna 152 provides a received RF signal to a recerver unit
(RCVR) 154. Receiver unmit 154 conditions (e.g., filters,
amplifies, and downconverts) the received RF signal, digi-
tizes the conditioned signal, and provides samples. A
demodulator 160 processes the samples and provides
demodulated data. A receive (RX) data processor 170 pro-
cesses (e.g., deinterleaves and decodes) the demodulated data
and provides decoded data. In general, the processing by
demodulator 160 and RX data processor 170 1s complemen-
tary to the processing by modulator 130 and TX data proces-
sor 120, respectively, at transmutter 110.

In a wireless communications system, the data 1s multi-
plexed using a multiplexing technique, so as to allow a plu-
rality of remote stations 123-127 (each comprising a receiver
150) to communicate with a single base station 110,111, 114
(comprising a transmitter 118). Examples of multiplexing
techniques are frequency division multiplex (FDM), and time
division multiplexing (TDM) or time division multiple access
(TDMA). The concepts underlying these techniques will be
discussed below.

Controllers/processors 140 and 180 control/direct opera-
tions at transmitter 118 and recerver 150, respectively. Memo-
ries 142 and 182 store program codes 1n the form of computer
soltware, and data used by transmitter 118 and receiver 150
respectively.

FIG. 2 of the accompanying drawings shows a block dia-
gram ol a receiver unit 1534 and demodulator 160 of the
recetver 150 shown 1n FIG. 1. Within receiver unit 154, a
receive chain 440 processes the recerved RF signal and pro-
vides I and (Q baseband signals, which are denoted as Ibb and
Qbb. Recerve chain 440 may perform low noise amplifica-
tion, analog filtering, quadrature downconversion, etc. An
analog-to-digital converter (ADC) 442 digitalizes the I and (O
baseband signals at a sampling rate of fadc and provides I and
Q samples, which are denoted as Iadc and Qadc. In general,
the ADC sampling rate fadc may be related to the symbol rate
fsym by any integer or non-integer factor.

Within demodulator 160, a pre-processor 420 performs
pre-processing on the I and QQ samples from ADC 442. For
example, pre-processor 420 may remove direct current (DC)
ollset, remove frequency offset, apply automatic gain control
(AGC) etc. An input filter 422 filters the samples from pre-
processor 420 based on a particular frequency response and
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provides input I and Q samples, which are denoted as Iin and
Qin to data filter 422. Data filter 422 may filter the I and Q

samples to suppress 1mages resulting from the sampling by
ADC 442 as well as jammers. Filter 422 may also perform
sample rate conversion, €.g., from 24x oversampling down to
2x oversampling. A data filter 424 filters the mnput I and Q
samples from iput filter 422 based on another frequency
response and provides output I and Q samples, which are
denoted as Iout and Qout. Filters 422 and 424 may be imple-
mented with finite impulse response (FIR) filters, infinite
impulse response (1IR) filters, or filters of other types. The
frequency responses of filters 422 and 424 may be selected to
achieve good performance. In one example, the frequency
response of filter 422 1s fixed, and the frequency response of
filter 424 1s configurable.

An adjacent channel interference (ACI) detector 430
receives the input I and Q samples from filter 422, detects for
ACI 1n the received RF signal, and provides an ACI indicator
signal to filter 424. The ACI indicator signal may indicate
whether or not ACI 1s present and, 1f present, whether the ACI
1s due to the higher RF channel centered at +200 KHz and/or
the lower RF channel centered at —200 KHz. The frequency
response of filter 424 may be adjusted based on the ACI
indicator to achieve good performance.

An equalizer/detector 426 receives the output I and Q
samples from filter 424 and performs equalization, matched
filtering, detection, and/or other processing on the samples.
For example, equalizer/detector 426 may implement a maxi-
mum likelithood sequence estimator (MLSE) that determines
a sequence of symbols that 1s most likely to have been trans-
mitted given a sequence of I and QQ samples and a channel
estimate.

In a TDMA system, each base station 110, 111, 114 1s
assigned one or more channel frequencies and each channel
frequency may be used by different users during different
intervals of time known as time slots. For example each
carrier frequency 1s assigned eight time slots (which are
labeled as time slots O through 7) such that eight consecutive
time slots form one TDMA frame. A physical channel com-
prises one¢ channel frequency and one time slot within a
TDMA frame. Each active wireless device/user 1s assigned
one or more time slot indices for the duration of a call. For
example during a voice call, a user 1s allocated one time slot
(hence one Channel) atany instant. User-specific data for each
wireless device 1s sent 1n the time slot(s) assigned to that
wireless device and 1n TDMA data frames used for the traific
channels.

FIG. 3 of the accompanying drawings shows example
frame and burst formats 1n a TDMA system. In a TDMA
system, each time slot within a frame 1s used for transmitting
a “burst” of data. Sometimes the terms time slot and burst may
be used interchangeably. Each burst includes two tail fields,
two data fields, a training sequence (or midamble) field, and
a guard period (labeled GP 1n the figure). The number of
symbols 1n each field 1s shown 1nside the parentheses 1n FIG.
3. A burst includes 148 symbols for the tail, data, and
midamble fields. No symbols are sent 1n the guard period.
TDMA frames of a particular carrier frequency are numbered
and formed 1 groups of 26 or 51 TDMA {rames called
multiframes.

For traific channels used to send user-specific data, each
multiframe 1n this example includes 26 TDMA frames, which

are labeled as TDMA frames O through 23. The traffic chan-
nels are sent 1n TDMA frames 0 to 11 and in TDMA frames
13 to 24 of each multiframe. A control channel 1s sent in

TDMA frame 12. No data 1s sent 1in 1dle TDMA frame 235,
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which 1s used by the wireless devices to make measurements
for neighbor base stations 110, 111, 114.

FIG. 4 of the accompanying drawings shows part of a
TDMA cellular system 100. The system comprises base sta-
tions 110, 111 and 114 and remote stations 123,124, 125, 126
and 127. Base station controllers 141 to 144 act to route

signals to and from the different remote stations 123-127,
under the control of mobile switching centres 151, 152. The
mobile switching centres 151, 152 are connected to a public
switched telephone network (PSTN) 162. Although remote
stations 123-127 are commonly handheld mobile devices,
many fixed wireless devices and wireless devices capable of
handling data also fall under the general title of remote station
123-127.

Signals carrying, for example, voice data are transierred
between each of the remote stations 123-127 and other
remote stations 123-127 by means of the base station control-
lers 141-144 under the control of the mobile switching cen-
tres 151, 152. Alternatively, signals carrying, for example,
voice data are transferred between each of the remote stations
123-127 and other communications equipment of other com-
munications networks via the public switched telephone net-
work 162. The public switched telephone network 162 allows
calls to be routed between the mobile cellular system 100 and
other communication systems. Such other systems include
other mobile cellular communications systems 100 of differ-
ent types and conforming to different standards.

Each of remote stations 123-127 can be serviced by any
one ol a number of base stations 110, 111, 114. A remote
station 124 receives both a signal transmitted by the serving
base station 114 and signals transmitted by nearby non-serv-
ing base stations 110, 111 and intended to serve other remote
stations 125.

The strengths of the different signals from base stations
110,111, 114 are periodically measured by the remote station
124 and reported to BSC 144, 114, etc. 11 the signal from a
nearby base station 110, 111 becomes stronger than that of the
serving base station 114, then the mobile switching centre
(MSC) 152 acts to make the nearby base station 110, 111
become the serving base station and acts to make the serving
base station 114 become a non-serving base station. The MSC
152 thus performs a handover of the remote station to the
nearby base station 110. Handover refers to the method of
transierring a data session or an ongoing call from one chan-
nel to another.

In cellular mobile communications systems, radio
resources are divided 1nto a number of channels. Each active
connection (for example a voice call) 1s allocated a particular
channel having a particular channel frequency for the down-
link signal (transmitted by the base station 110, 111, 114 to a
remote station 123-127 and received by the remote station
123-127) and the channel having a particular channel fre-

quency for the uplink signal (transmitted by the remote sta-
tion 123-127 to the base station 110, 111, 114 and received by

the base station 110, 111, 114). The frequencies for downlink
and uphnk signals are often different, to allow simultaneous
transmission and reception and to reduce interference
between transmitted signals and received signals at either the
remote station 123-127 or the base station 110,111, 114. This
1s known as frequency division duplex (FDD).

FIG. 5 of the accompanying drawings shows an example
arrangement of time slots for a TDMA communications sys-
tem. A base station 114 transmits data signals 1n a sequence of
numbered time slots 30, each signal being for only one of a set
of remote stations 123-127 and each signal being recerved at
the antenna of all remote stations 123-127 within range of the
transmitted signals. The base station 114 transmits all the
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signals using time slots on an allocated channel frequency.
Each channel frequency and time slot combination thus com-
prises a channel for communication. For example, a first
remote station 124 and a second remote station 126 are both
allocated the same channel frequency. The first remote station
124 1s allocated a first time slot 3 and a second remote station
126 1s allocated a second time slot 5. The base station 114
transmits, 1n this example, a signal for the first remote station
124 during time slot 3 of the sequence of time slots 30, and
transmits a signal for the second remote station 126 during
time slot 5 of the sequence of time slots 30.

The first and second remote stations 124, 126 are active
during their respective time slots 3 and 5 of time slot sequence
30, to receive the signals from the base station 114. The
remote stations 124, 126 transmit signals to the base station
114 during corresponding time slots 3 and 5 of time slot
sequence 31 on the uplink. It can be seen that the time slots for
the base station 114 to transmit (and the remote stations 124,
126 to recerve) 30 are offset in time with respect to the time
slots for the remote stations 124, 126 to transmuit (and the base
station 114 to recerve) 31.

This offsetting in time of transmit and recerve time slots 1s
known as time division duplexing (TDD), which among other
things, allows transmit and receive operations to occur at
different istances of time.

Voice signals and data signals are not the only signals to be
transmitted between the base station 110, 111, 114 and the
remote station 123-127. A control channel 1s used to transmit
data that controls various aspects of the communication
between the base station 110, 111, 114 and the remote station
123-127. Among other things, the base station 110, 111, 114
uses the control channel to send to the remote station 123-127
a sequence code, or tramning sequence code (TSC) which
indicates which of a set of sequences the base station 110,
111, 114 will use to transmuit the signal to the remote station
123-127. In GSM, a 26-bit training sequence 1s used for
equalization. This 1s a known sequence which 1s transmitted
in a signal 1n the middle of every burst.

The sequences are used by the remote station 123-127: to
compensate for channel degradations which vary quickly
with time; to reduce interference from other sectors or cells;
and to synchromize the remote station’s recerver to the
received signal. These functions are performed by an equal-
1zer which 1s part of the remote station’s 123-127 receiver. An
equalizer 426 determines how the known transmuitted training
sequence signal 1s modified by multipath fading. The equal-
izer may use this information to extract the desired signal
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from unwanted retlections of the signal by constructing an
inverse filter to extract parts of the desired signal which have
been corrupted by multipath fading. Different sequences (and
associated sequence codes) are transmitted by different base
stations 110,111, 114 1n order to reduce interference between
sequences transmitted by base stations 110, 111, 114 that are
close to each other.

A remote station 123-127 which comprises a receiver hav-
ing enhanced co-channel rejection capability 1s able to use the
sequence to distinguish the signal transmitted to 1t by a base
station 110, 111, 114 from other unwanted signals transmit-
ted by other base stations 110, 111, 114. This holds true so
long as the received amplitudes or power levels of the
unwanted signals are below a threshold relative to the ampli-
tude of the wanted signal. The unwanted signals can cause
interference to the wanted signal if they have amplitudes
above this threshold. The threshold can vary according to the
capability of the remote station’s 123-127 recerver. The inter-
fering signal and the desired (or wanted) signal can arrive at
the remote station’s 123-127 recerver contemporaneously if,
for example, the signals from the serving and non-serving
base stations 110, 111, 114 share the same time slot for
transmitting. An example of remote station 123-127 which
has enhanced co-channel rejection capability 1s a remote sta-
tion 123-127 comprising a recerver having downlink
advanced receiver performance (DARP), which 1s described
in cellular standards such as those defining the system known
as Global System for Mobile communication (GSM) which s
an example of a TDMA system.

A remote station 123-127 which has enhanced co-channel
rejection capability by means of DARP, 1s able to use the
training sequences to distinguish a first signal from a second
signal and to demodulate and use the first signal, when the

amplitudes of the first and second signals are substantially
within, say, 10 dB of each other. Each DARP mobile station
will treat the signal intended for another mobile station 123-
127 as co-channel interference (CCI) and reject the interfer-
ence.

Referring again to FIG. 4, at remote station 124 transmis-
sions from base station 110 for remote station 1235 can inter-
fere with transmissions from base station 114 for remote
station 124. The path of the interfering signal 1s shown by
dashed arrow 170. Similarly, at remote station 125 transmis-
sions from base station 114 for remote station 124 can inter-
fere with transmissions from base station 110 for remote

station 125 (the path of the interfering signal shown by dotted
arrow 182).

TABLE 1
Remote Traming Recelved
Base Remote Channel  station 2 Downlink  sequence power
station station 1  frequency for which time slot code (TSC) level at
transmitting receiving of the the signal  (TS) of of the remote Signal
Row  thesignal the signal signal  1s intended the signal signal station 1 category
2 114 123 41 123 S TSC 3 -40 dBm Wanted

Wanted

Interferer

Interferer

Wanted
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Table 1 above shows example values of parameters for
signals transmitted by the two base stations 110 and 114
illustrated in FIG. 4. The information 1n rows 3 and 4 of the
table show that for remote station 124 both a wanted signal
from a first base station 114 and an unwanted interferer signal
from a second base station 110 and intended for remote sta-
tion 125 are received and the two recerved signals have the
same channel and similar power levels (-82 dBm and -81
dBm respectively). Similarly, the information in rows 6 and 7
shows that for remote station 125 both a wanted signal from
the second base station 110 and an unwanted interferer signal
from the first base station 114 and intended for remote station
124 are received and the two received signals have the same
channel and similar power levels (=80 dBm and -79 dBm
respectively).

Each remote station 124, 125 thus receives both a wanted
signal and an unwanted interferer signal that have similar
power levels from different base stations 114, 110, on the
same channel (1.e. contemporaneously). Because the two sig-
nals arrive on the same channel and similar power levels, they
interfere with each other. This may cause errors in demodu-
lation and decoding of the wanted signal. This interference 1s
the co-channel interference discussed above.

The co-channel interference may be mitigated to a greater
extent than previously possible, by the use of DARP-enabled
remote stations 123-127, and base stations 110, 111, 114
having enhanced co-channel rejection capability. DARP
capability may be implemented by means of a method known
as single antenna interference cancellation (SAIC) or by
means of a method known as dual antenna interference can-
cellation (DAIC).

The DARP feature works better when the amplitudes of the
received co-channel signals are similar. This situation may
typically occur when each of two remote stations 123-127,
cach communicating with a different base station 110, 111,
114, 1s near a cell boundary, where the path losses from each
base station 110, 111, 114 to each remote station 123-127 are
similar.

A remote station 123-127 that 1s not DARP-capable, by
contrast, may only demodulate the wanted signal if the
unwanted co-channel interferer signal has an amplitude, or
power level, lower than the amplitude of the wanted signal. In
one example, itmust be lower by at least 8 dB in order to allow
the receiver to demodulate the wanted signal. The DARP-
capable remote station 123-127 can therefore tolerate a much
higher-amplitude co-channel signal relative to the wanted
signal, than can the remote station 123-127 not having DARP
capability.

The co-channel interference (CCI) ratio 1s the ratio
between the power levels, or amplitudes, of the wanted and
unwanted signals expressed in dB. In one example, the co-
channel interference ratio could be, for example, -6 dB
(whereby the power level of the wanted signal 1s 6 dB lower
than the power level of the co-channel interferer (unwanted)
signal). In another example, the ratio may be +6 dB (whereby
the power level of the wanted signal 1s 6 dB higher than the
power level of the co-channel interferer (unwanted) signal).
For DARP-enabled remote stations 123-127 with good per-
formance, the remote stations 123-127 can still process the
wanted signal when the amplitude of the interferer signal 1s
around 10 dB higher than the amplitude of the wanted signal,
and. I the amplitude of the interferer signal 1s 10 dB higher
than the amplitude of the wanted signal, the co-channel inter-
ference ratio 1s =10 dB.

DARP capability, as described above, improves a remote
station’s 123-127 reception of signals 1n the presence of ACI
or CCI. A new user, with DARP capability, will better reject
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the interference coming from an existing user. The existing
user, also with DARP capability, would do the same and not
be impacted by the new user. In one example, DARP works
well with CCI 1n the range of 0 dB (same level of co-channel
interference for the signals) to -6 dB (co-channel 1s 6 dB
stronger than the desired or wanted signal). Thus, two users
using the same ARFCN and same timeslot, but assigned dii-
terent TSCs, will get good service.

The DARP feature allows two remote stations 124 and 125,
if they both have the DARP feature enabled, to each receive
wanted signals from two base stations 110 and 114, the
wanted signals having similar power levels, and each remote
station 124, 125 to demodulate 1ts wanted signal. Thus, the
DARP enabled remote stations 124, 125 are both able to use
the same channel simultaneously for data or voice.

The feature described above of using a single channel to
support two simultaneous calls from two base stations 110,
111, 114 to two remote stations 123-127 1s somewhat limited
in 1ts application in the prior art. To use the feature, the two
remote stations 124, 125 are within range of the two base
stations 114, 110 and are each receiving the two signals at
similar power levels. For this condition, typically the two
remote stations 124, 125 would be near the cell boundary, as
mentioned above. It 1s desirable to increase, by some other
means, the number of active connections to remote stations
that can be handled by a base station.

A method and apparatus will now be described which
allows the supporting of two or more simultaneous calls on
the same channel (consisting of a time slot on a carrier ire-
quency), each call comprising communication between a
single base station 110, 111, 114 and one of a plurality of
remote stations 123-127 by means of a signal transmitted by
the base station 110, 111, 114 and a signal transmuitted by the

remote station 123-127. This supporting of two or more
simultaneous calls on the same channel 1s known as Multi-
User on One Slot (MUROS) or as Voice services over Adap-
tive Multi-user on One timeSlot (VAMOS). Since two train-
ing sequences may be used for signals in the same time slot on
the same carrier frequency in the same cell by the same base
station 110, 111, 114, twice as many communication chan-
nels may be used 1n the cell.

FIG. 6 of the accompanying drawings shows a simplified
representation of part of a TDMA cellular system adapted to
assign the same channel to two remote stations 125, 127. The
system comprises a base station 110, and two remote stations
125,127. The network can assign, via the base station 110, the
same channel frequency and the same time slot (1.e. the same
channel) to the two remote stations 125 and 127. The network
allocates different training sequences to the two remote sta-
tions 1235 and 127 which are both assigned: a channel fre-
quency having frequency channel number (FCN) equal to
160; and a time slot with time slot index (TS) equal to 3.
Remote station 123 i1s assigned a training sequence code
(TSC) of 5 whereas 127 1s assigned a training sequence code
(TSC) ot 0. Each remote station 125, 127 will receive 1ts own
signal (shown by solid lines 1n the figure) together with the
co-channel (co-TCH) signal intended for the other remote
station 1235, 127 (shown by dotted lines 1n the figure). Each
remote station 125, 127 1s able to demodulate 1ts own si1gnal
whilst rejecting the unwanted signal.

DARP, when used along with the examples described
herein, therefore enables a TDMA network to use a channel
already 1n use (1.e., a channel frequency and time slot that 1s
already 1n use) to serve additional users. In one example, each
channel can be used for two users for full-rate (FR) speech
and by four users for hali-rate (HR) speech. It 1s also possible
to serve a third or even a fourth user 1f the users’ receivers
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have sutficiently good DARP performance. In order to serve
additional users using the same channel, the network trans-
mits the additional users’ RF signals on the same carrier
(channel frequency), using optionally different phase shifts,
and assigns to the additional users the same timeslot that 1s 1n
use, using a different TSC from that used by the current user.
The transmitted bursts of data each comprise the training
sequence corresponding to the TSC. A DARP capable
receiver may detect the wanted or desired signal for that
receiver while rejecting the unwanted signal for another
receiver. It 1s possible to add third and fourth users in the same
way as for the first and second users.

Single-antenna interference cancellation (SAIC) 1s used to
reduce Co-Channel Interterence (CCI). The 3G Partnership

Project (3GPP) has standardized SAIC performance. The

3GPP adopted the term ‘downlink advanced receiver perfor-
mance’ (DARP) to describe the receiver that applies SAIC.

DARP increases network capacity by employing lower
reuse factors. Furthermore, 1t suppresses interierence at the
same time. DARP operates at the baseband part of a receiver
ol a remote station 123-127. It suppresses adjacent-channel
and co-channel interference that differ from general noise.
DARP 1s available in previously defined GSM standards
(since Rel-6 1n 2004 ) as a release-independent feature, and 1s
an 1ntegral part of Rel-6 and later specs. The following 1s a
description of two DARP methods.

The first DARP method 1s the joint detection/demodulation
(JD) method. ID uses knowledge of the GSM signal structure
in adjacent cells in synchronous mobile networks to demodu-
late one of several interference signals 1 addition to the
desired signal. JD’s ability to demodulate interference signals
allows the suppression of specific adjacent-channel interfer-
ers. In addition to demodulating GMSK signals, JD also can
be used to demodulate EDGE signals. Blind interferer can-
cellation (BIC) 1s another method used 1n DARP to demodu-
late the GMSK signal. With BIC, the recerver has no knowl-
edge of the structure of any interfering signals that may be
received at the same time that the desired signal 1s recerved.
Since the recetver 1s effectively “blind™ to any adjacent-chan-
nel interferers, the method attempts to suppress the interter-
ing component as a whole. The GMSK signal 1s demodulated
from the wanted carrier by the BIC method. BIC 1s most
elfective when used for GMSK-modulated speech and data
services and can be used 1n asynchronous networks.

A DARP capable remote station equalizer/detector 426 of
the examples described herein and in the accompanying
drawings also performs CCI cancellation prior to equaliza-
tion, detection, etc. The equalizer/detector 426 1n FIG. 2
provides demodulated data. CCI cancellation normally 1s
available on a base station 110, 111, 114. Also, remote sta-
tions 123-127 may or may not be DARP capable. The net-
work may determine whether a remote station 1s DARP
capable at the resource assignment stage, a starting point of a
call for a GSM remote station (e.g. mobile station) 123-127.

FIG. 7 of the accompanying drawings shows example
arrangements for data storage within a memory subsystem
which might reside within a base station controller (BSC) of
a cellular commumication system 100. Table 1001 of the
figure 1s a table of values of frequency channel numbers
(FCN) assigned to remote stations 123-127, the remote sta-
tions 123-127 being numbered. Table 1002 of the figure 1s a
table of values of time slots wherein remote station numbers
123-127 are shown against time slot number. It can be seen
that time slot number 3 1s assigned to remote stations 123,124
and 229. Similarly table 1003 shows a table of data allocating
training sequences (1'SCs) to remote stations 123-127.

[
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Table 1005 of the figure shows an enlarged table of data
which 1s multi-dimensional to include all of the parameters
shown in tables 1001, 1002, and 1003 just described. It will be
appreciated that the portion of table 1005 shown 1n the figure
1s only a small part of the complete table that would be used.
Table 1005 shows 1n addition to the allocation of frequency
allocation sets, each frequency allocation set corresponding
to a set of frequencies used 1n a particular sector of a cell or in
a cell. In Table 10035, frequency allocation set 11 1s assigned to
all remote stations 123-127 shown 1n the table 10035 of the
figure. It will be appreciated that other portions of Table 1005,
which are not shown, will show frequency allocation sets 12,
13 etc. assigned to other remote stations 123-127. The fourth
row of data shows no values but repeated dots indicating that
there are many possible values not shown between rows 3 and
5 of the data 1n table 1001.

FIG. 8 of the accompanying drawings shows a flowchart of
a method of assigning a channel already 1n use by one remote
station 123-127 to another remote station 123-127.

Following the start of the method 1501, a decision 1s made
as to whether to set up a new connection between the base
station 110, 111, 114 and a remote station 123-127 (block
1502). If the answer 1s NO, then the method moves back to the
start block 1501 and the steps above are repeated. When the
answer 15 YES (block 1502) then a determination 1s made as
to whether there 1s an unused channel, 1.e. an unused time slot
for any either used or unused channel frequency (block 1503).
If there 1s an unused time slot then a new time slot 1s allocated
(block 1504). The method then moves back to the start block
1501 and the steps above are repeated.

Eventually there 1s no longer an unused time slot (because
all time slots are already used or allocated for connections),
and therefore the answer to the question of block 1503 1s NO,
and the method moves to block 1505. In block 1505 a used
time slot 1s selected for the new connection to share with an
ex1sting connection.

A firstused time slot (channel) having been selected for the
new connection to share along with an existing connection.
The existing connection uses a first training sequence. A
second training sequence, different from the first training
sequence, 1s then selected for the new connection in block
1506. The method then moves back to the start block 1501
and the steps above are repeated.

FIG. 9 of the accompanying drawings 1s a schematic dia-
gram of apparatus wherein the method represented by FIG. 8
resides 1n a base station controller 600. Within the base station
controller 600 are controller processor 660 and memory sub-
system 650. The steps of the method may be stored 1n soft-
ware 680, in memory 685, in memory subsystem 630 or
within software 1n memory residing in controller processor
660, or within software or memory 1n the base station con-
troller 600, or within some other digital signal processor
(DSP) or 1n other forms of hardware. The base station con-
troller 600 1s connected to the mobile switching centre 610
and also to base stations 620, 630 and 640.

Shown within memory subsystem 650 are parts of three
tables of data 651, 652, 653. Each table of data stores values
ol a parameter for a set of remote stations 123, 124 indicated
by the column labeled MS. Table 651 stores values of traiming
sequence code. Table 652 stores values for time slot number
TS. Table 653 stores values of channel frequency CHF. It can
be appreciated that the tables of data could alternatively be
arranged as a multi-dimensional single table or several tables
of different dimensions to those shown in the figure.

The controller processor 660 communicates via data bus
670 with memory subsystem 650 in order to send and receive
values for parameters to/from memory subsystem 650.
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Within controller processor 660 are contained functions that
include a function 661 to generate an access grant command,
a Tunction 662 to send an access grant command to a base
station 620, 630, 640, a function 663 to generate a tratffic
assignment message, and a function 664 to send a traflic
assignment message to a base station 620, 630 or 640. These
functions may be executed using software 680 stored in
memory 683.

.

Within the controller processor 660, or elsewhere 1n the
base station controller 600, there may also be a power control

function 665 to control the power level of a signal transmitted
by a base station 620, 630 or 640.

It can be appreciated that the functions shown as being
within base station controller 600, namely memory sub-
system 630 and controller processor 660 could also reside 1n
the mobile switching centre 610. Some or all of the functions
described as being part of base station controller 600 could
equally well reside 1n one or more of base stations 620, 630 or

640.

Phase Shift

The absolute phase of the modulation for the two signals
transmitted by the base station 110, 111, 114 may not be

identical. In order to serve an additional user using the same
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response, but a phase shift less than this will also provide
adequate performance.

To provide the two signals so that their phases are offset
from each other by 90 degrees, the first transmitter 1120
modulates the two signals at 90 degrees phase shift to each
other, thus further reducing interference between the signals
due to phase diversity.

In this way, the transmitting apparatus 1200 provides
means at the base station 620, 920 for introducing a phase
difference between contemporaneous signals using the same
time slot on the same frequency and intended for different
remote stations 123, 124. Such means can be provided in
other ways. For example, separate signals can be generated 1n
the transmaitting apparatus 1200 and resulting analogue sig-
nals can be combined 1n a transmitter front end by passing one
of them through a phase shift element and then simply sum-
ming the phase shifted and non-phase shifted signals.

Power Control Aspects

Table 2 below shows example values of channel frequency,

time slot, training sequence and received signal power level
for signals transmitted by the two base stations 110 and 114,
and recerved by remote stations 123 to 127, shown 1n FIG. 4.

TABLE 2
Base Remote MS
BASE Remote Station 1  station Received
STATION station 1  serving for which Down- power
transmutting receiving Remote the signal Channel link level of Signal
Row  thesignal thesignal station 1 isintended frequency. TS TSC signal category
2 114 126 114 126 32 S TSC 3 -33 dBm Wanted

d 114 123 114
6 114 124 114
7 114 125 110
8 110 124 114

124 32 3 18C 3 -67 dBm interferer
123 32 3 IS5C 2 -102 dBm interferer
124 32 3 18C 3 -105 dBm interferer
125 32 3 1S8C 1 -99 dBm interferer

-101 dBm

-57 dBm

channel (co-TCH), 1n addition to providing more than one
TSC the network may phase shift the data symbols of the
signal for the new co-channel (co-TCH) remote station with
respect to the signal for the already-connected co-channel
remote station(s). If possible the network may provide evenly
spaced phase shiit, thus improving recerver performance. For
one example of two users sharing a channel, the phase differ-
ence for one user relative to another user could be 90 degrees
apart. For another example 1n which three users share a chan-
nel, the phase difference for one user relative to another user
could be 60 degrees apart. The phase shiit for four users could
be 45 degree apart. As stated above, the users will each use a

difterent TSC.

Thus, for improved DARP performance, the two signals
intended for the two different remote stations 123, 124 may
ideally be phase shifted by m/2 for the best channel impulse
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The rows 3 and 4 of the table, outlined by a bold rectangle,
show both remote station 123 and remote station 124 using
channel frequency having index 32 and time slot 3, for receiv-
ing a signal from base station 114 but the remote stations 123,
124 are allocated different training sequences TSC2 and
TSC3 respectively. Similarly, rows 9 and 10 also show the
same channel frequency and time slot being used for two
remote stations 1235, 127 to recerve signals from the same base

station 110. It can be seen that 1n each case the received power
levels of the wanted signals are substantially different for the
two remote stations 125, 127 (-101 and -57 dBm respec-
tively).

The highlighted rows 3 and 4 of Table 3 show that base
station 114 transmits a signal for remote station 123 and also
transmits a signal for remote station 124. The recerved power
levels of the wanted signals are substantially different for the
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two remote stations 123, 124. The received power level at
remote station 123 1s —67 dBm whereas the recetved power
level at remote station 124 1s —102 dBm. Rows 9 and 10 of

Table 3 show that base station 110 transmits a signal for
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114 transmits both signals at a fixed power level. This situa-
tion can be illustrated by further reference to Table 2 and by
reference Table 3.

While Table 2 shows remote stations 123, 124 receiving,
from base station 114 signals having substantially different

remote station 125 and also transmits a signal for remote > . e
. . . . power levels, on closer inspection 1t can be seen that, as shown
station 127. The recerved power level at remote station 125 1s b : :
_ _ y rows 3 and 5 of Table 2, remote station 123 receives two
_101_ dBm whereas the recelwtf%fl powet level at remote.statlon signals from base station 114 at the same power level (=67
127 1s =57 dBm. The large difference in power level, 1n each dBm), one signal being a wanted signal intended for remote
case, could be due to different distances of the remote stations station 123 and the other signal being an unwanted signal
125, 127 from the base station 110. Alternatively, the differ- 'Y Which is intended for remote station 124. The criteria for a
ence 1n power levels could be due to different path losses or remote station 123-127 to receive signals having similar
different amounts of multi-path cancellation of the signals, power 1‘3""‘31_5 1s thus shown as being met n tl}is example. 1f
between the base station 110, 111, 114 transmitting the sig- mobile station 123 has a DARP receiver, it can, in this
nals and the remote station 123-127 receiving the signals, for . example, therefore demodulate the wanted signal and reject
: the unwanted signal.
one remote station 123-127 as compared to the other remote _ . . .
. Similarly, 1t can be seen by inspecting rows 4 and 6 of Table
station 123-127. 2 (above) that remote station 124 recerves two signals sharing
Although this difference in recerved power level for one the same channel and having the same power level (-102
remote station 123-127 compared to the other remote station ~ dBm). Both signals are from base station 114. One of the two
123-127 is not intentional and not ideal for cell planning, it 2° signals 1s the wanted signal, for remote station 124 and the
q : : . other signal 1s the unwanted signal which 1s intended for use
oes not compromise the operation of the examples described b .
_ _ _ _ y remote station 123.
herein and 1n the accompanying drawings. To further illustrate the above concepts, Table 3 1s an
A remote station 123-127 having DARP capability may altered version of Table 2 wherein the rows of Table 2 are
successfully demodulate either one of two co-channel, con- 25 simply re-ordered. It can be seen that remote stations 123 and
temporaneously received signals, so long as the amplitudes or 124 each recerve from Ol base station 114 two signals, a
. .. wanted and an unwanted signal, having the same channel and
powet levels of the two 51g1.1:51‘15 are sumlaf' at th.e remote similar power levels. Also, remote station 125 receives from
station’s 123-127 antenna. This is achievableifthe signalsare o different base stations 110, 114 two signals, a wanted and
both transmitted by the same base station 110, 111, 114 and an unwanted signa]j having the same channel and similar
the transmitted power levels of the two signals are substan- power levels.
TABLE 3
Base Remote MS
BASE Remote Station1  station Received
STATION station 1  serving for which Down- power
transmitting receiving Remote the signal Channel link level of Signal
Row  the signal thesignal station 1 isintended frequency. TS SC signal category
2 114 126 114 126 32 S Is5C3 -33 dBm wanted

8 110 124 114

110 127 110

tially the same. Each of a first and second remote stations
123-127 recerves the two signals at substantially the same
power level (say within 6 dB of each other) because the path
losses for the two signals between the base station and the first
remote station are similar, and the path losses for the two
signals between the base station and the second remote sta-
tion are similar. The transmitted powers are similar 11 either
the base station 110, 111, 114 1s arranged to transmit the two
signals at similar power levels, or the base station 110, 111,

60
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wanted

interferer

interferer

wanted

125 32 3 IsC1 -99 dBm

interferer

interferer

wanted

127 32 3 IsC4 -57 dBm

wanted

It 1s possible for a base station 110, 111, 114 to maintain a
call with two remote stations 123-127 using the same chan-
nel, such that a first remote station 123-127 has a DARP-
enabled receiver and a second remote station 123-127 does
not have a DARP-enabled recerver. The amplitudes of signals
received by the two remote stations 124-127 are arranged to
be different by an amount which 1s within a range of values (in
one example 1t may be between 8 dB and 10 dB) and also
arranged such that the amplitude of the signal intended for the
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DARP-enabled remote station 1s lower than the amplitude of
the signal intended for the non-DARP-enabled remote station

124-127.

An advantage with MUROS enabled networks 1s that the
base station 110, 111, 114 may use two or more training,
sequences per timeslot instead of only one so that both signals
may be treated as desired signals. The base station 110, 111,
114 transmits the signals at suitable amplitudes so that each
remote station recerves 1ts own signal at a high enough ampli-
tude and the two signals maintain an amplitude ratio such that
the two signals corresponding to the two training sequences
may be detected. This feature may be implemented using
soltware stored 1n memory 1n the base station 110, 111, 114 or
BSC 600. For example, remote stations 123-127 are selected
for pairing based on their path losses being similar and based
on existing traific channel availability. However, MUROS
can still work 11 the path losses are very different for one
remote station than for the other remote station 123-127. Thus
may occur when one remote station 123-127 1s much further
away Irom the base station 110, 111, 114 than for the other
remote station.

Regarding power control there are different possible com-
binations of pairings. Both remote stations 123-127 can be
DARP capable, or only one DARP capable. In both cases, the
received amplitudes or power levels at the mobiles 123-127
may be within 10 dB of each other. However 11 only one
remote station 123-127 1s DARP capable, a further constraint
1s that the non-DARP remote station 123-127 has its wanted
(or desired) first signal higher than the second signal (in one
example, at least 8 dB higher than the second signal). The
DARP capable remote station 123-127 recerves 1ts second
signal no more than a lower threshold below the first signal (1n
one example, 1t 1s no lower than 10 dB below the first signal).
Hence 1 one example, the amplitude ratio can be 0 dB to £10
dB for DARP/DARP capable remote stations 123-127 or an 8
dB to 10 dB higher signal for a non-DARP/DARP pairing 1n
favor of the non-DARP remote station 123-127. Also, 1t 1s
preferable for the base station 110, 111, 114 to transmat the
two signals so that each remote station 123-127 recetves its
wanted signal at a power level above 1ts sensitivity limit. (In
one example, 1t 1s at least 6 dB above 1ts sensitivity limit). So
iI one remote station 123-127 has more path loss, the base
station 110, 111, 114 transmits that remote station’s 123-127
signal at power level or amplitude appropriate to achieve this.
This sets the transmitted power level. The required difference
between the levels of the two signals then determines the
absolute power level of that other signal.

FIG. 10 of the accompanying drawings shows a receiver
architecture for a remote station 123-127 having enhanced
co-channel rejection capability. The receiver 1s adapted to use
cither the single antenna interference cancellation (SAIC)
equalizer 1105, or the maximum likelihood sequence estima-
tor (MLSE) equalizer 1106. The SAIC equalizer 1s preferred
for use when two signals havmg similar amplitudes are
received. The MLSE equalizer 1s typically used when the
amplitudes of the received signals are not similar, for example
when the wanted signal has an amplitude much greater than
that of an unwanted co-channel signal.

Selecting a Receiving Apparatus for Co-Channel
Operation

As described above, MUROS allows more than one user on
the same traific channel (TCH) which results 1n enhanced

capacity. This can be achieved by taking advantage of the
DARP capability of remote stations 123-127. A DARP
remote station 123-127 oflers more pairing opportunities
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when paired with another DARP remote station 123-127
because the DARP remote station can tolerate an unwanted
co-channel signal at a higher power level than that of 1ts own
wanted signal, as explained above. However 1t 1s still possible
to pair a non-DARP remote station 123-127 with a DARP
remote station 123-127 for co-channel (1.e. MUROS) opera-
tion, as also described above. Therefore, it 1s advantageous to
be able to select a remote station 123-127 for MUROS opera-
tion when 1t 1s not known whether or not the remote station
123-127 has DARP capability. It 1s also advantageous to be
able to select aremote station 123-127 for MUROS operation
without the need for a message to be transmitted indicating
that the remote station has MUROS capability. This 1s
because the system cannot produce such a message 1f the
remote station 123-127 1s a so-called legacy remote station
which does not indicate that it has DARP capability. Appara-
tus and methods for selecting either a DARP or a non-DARP
remote station 123-127 are described below.

If a transmuitter 1s to transmit two co-channel signals, one
for each of two receivers, then knowledge about each receiv-
er’s co-channel rejection capability 1s used, 1n order firstly to
decide 11 both receivers are capable of handling the two co-
channel signals and secondly to set the power levels of the
transmitted signals in the correct ratio to ensure each receiver
can handle the two signals. For example, one recetver may be
non-DARP or one receiver may be further away from the
transmitter than the other receiver, and both these factors
determine the most suitable power levels of the transmitted
signals, as described above.

A base station 110, 111, 114 may i1dentily a remote sta-
tion’s 123-127 DARP capability by requesting the remote
station’s 123-127 classmark. A classmark 1s a declaration
from a remote station 123-127 to a base station 110, 111, 114
ol 1ts capabilities. This 1s described, for example, 1n 24.008 of
1510.5.1.5-7 1n the GERAN standards. Currently, the stan-
dards define a classmark indicative of a remote station’s 123-
127 DARP capability but so far, no MUROS classmark or
classmark indicating support of new training sequences has
been defined.

Additionally, despite the definition of a DARP classmark
in the standards, the standards do not require the remote
station 123-127 to send the classmark to the base station 110,
111, 114. In fact, many manufacturers do not design their
DARP-capable remote stations 123-127 to send the DARP
classmark to the base station 110, 111, 114 on call setup
procedures for fear that their remote stations 123-127 will
automatically be assigned to noisier channels by the base
station 110, 111, 114, thereby potentially degrading the com-
munication from that remote station 123-127. It1s desirable to
identily whether or not a legacy remote station 123-127 is
MUROS capable without using the classmark. It 1s currently
not possible to identity with any certainty, whether a remote
station 123-127 1s MUROS-capable or even DARP-capable,
without a prior knowledge of a remote station’s DARP capa-
bility being signaled.

A base station 110, 111, 114 may 1dentify MUROS-capa-
bility 1n a remote station 123-127 based on the International
Mobile Equipment Identity (IMEI) of the remote station 123-
127. The base station 110, 111, 114 may establish the remote
station’s 123-127 IMFEI by requesting 1t directly from the
remote station 123-127. The IMEI 1s unique to the remote
station 123-127 and can be used to reference a database
located anywhere 1n the network, thereby identifying the
model of mobile phone to which the remote station 123-127
belongs, and additionally its capabailities such as DARP and
MUROS. If the phone 1s DARP or MUROS capable, it will be

considered by the base station 110,111, 114 as a candidate for
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sharing a channel with another suitable remote station 123-
127. In operation, the base station 110, 111, 114 will build up
a list of remote stations 123-127 currently connected to that
base station 110, 111, 114 which are DARP or MUROS
capable.

However, DARP or MUROS capability alone may notbe a
suificient criterion for determining whether a particular
remote station 123-127 can share a TDMA slot on the same
frequency with another remote station 123-127.

One way of determining the interference rejection capabil-
ity of a remote station 123-127 1s to send a discovery burst.
This 1s a short radio burst 1n which a signal for the remote
station 123-127 has a known interference pattern superim-
posed onit. The discovery burst comprises a signal containing,
a first traific data for the remote station (e.g. basic speech)
comprising a first predefined data sequence (e.g. a first train-
ing sequence) and a second (co-channel) signal comprising
second data comprising a second predefined data sequence
(e.g. a second training sequence), both signals at predefined
power levels.

FIG. 11 of the accompanying drawings 1s a schematic
diagram of (a) a transmitting apparatus 1200 and (b) a receiv-
ing apparatus 1240 together suitable for selecting a receiving
apparatus for co-channel operation. The transmaitting appara-
tus 1200 1s configured to transmit two sets of data at prede-
termined power levels on a single channel. The receiving
apparatus 1240 1s configured: to recerve the transmitted data;
to measure a characteristic of the received data; and to trans-
mit a signal indicating the characteristic. The transmitting
apparatus 1200 and receiving apparatus 1240 are together
suitable for selecting the receiving apparatus 1240 for co-
channel operation. The features of the transmitting apparatus
1200 and recerving apparatus will now be described 1n more
detail.

The transmitting apparatus 1200 comprises: a {irst trans-
mitter 1220; a selector comprising a processor 12135 and a
memory 1216; a first recerver 1217 coupled to the selector
1230, the first receiver configured to receive a first signal
indicating a measured characteristic of transmitted data; and
a third recerver 1218, coupled to the selector 1230, configured
to receive a second signal indicating a co-channel rejection
capability of a receiving apparatus.

A first data source 1201 1s configured to output first data. A
first multiplexer 1203, coupled to the first data source 1201,
receives the first data and 1s configured: to time division
multiplex the first data by allocating a first time slot to the first
data; and to output the multiplexed first data.

A first power adjuster 1205, coupled to the first multiplexer
1203, 1s configured to adjust the power level of the multi-
plexed first data to produce first power-adjusted data. A first
modulator 1207, coupled to the first power adjuster 1205, 1s
configured to modulate the first power-adjusted data onto a
first channel frequency to produce first modulated data 1209.
A first amplifier 1211, coupled to the first modulator 1207, 1s
configured to transmit the first modulated data 1209 to pro-
duce transmitted first data 1213.

A second data source 1202 1s configured to output second
data. A second multiplexer 1204, coupled to the second data
source 1202, receives the second data and 1s configured: to
time division multiplex the second data by allocating a second
time slot to the second data; and to output the multiplexed
second data.

A second power adjuster 1206, coupled to the second mul-
tiplexer 1204, 1s configured to adjust the power level of the
multiplexed second data to produce second power-adjusted
data. A second modulator 1208, coupled to the second power
adjuster 1206, 1s configured to modulate the second power-
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adjusted data onto a second channel frequency to produce
second modulated data 1210. A second amplifier 1212,
coupled to the second modulator 1208, 1s configured to trans-
mit the second modulated data 1210 to produce transmitted
second data 1214. A combiner 1219, coupled to the first and
second amplifiers 1211, 1212, 1s operable to combine the
transmitted first and second data 1213, 1214, to produce
combined transmitted first and second data. Optionally, the
transmitted first and second data 1213, 1214 are each trans-
mitted without being combined.

The receiving apparatus 1240 comprises a second receiver
1241 operable to receive the transmitted first and/or second
data and to output received data. A demodulator 1242,
coupled to the second receiver 1241, 1s operable to demodu-
late the recerved data to produce demodulated data. A demul-
tiplexer 1243, coupled to the demodulator 1242, 1s operable to
time division demultiplex the demodulated data to produce
demultiplexed data. A data quality estimator 1244, coupled to
the demultiplexer 1243, 1s operable to measure a characteris-
tic of the data and to output an indication of the measured
characteristic. For example, the data quality estimator 1244
may measure the bit error rate (BER), or the bit error prob-
ability (BEP) of the data. A second transmitter 1245, coupled
to the quality estimator 1244, 1s operable to transmit a first
signal comprising the indication of the measured character-
1stic.

The receiving apparatus also 1240 comprises a second
processor 1247, configured to communicate with and control
operation of: the demultiplexer 1243, data quality estimator
1244, and second transmitter 1245. The second processor
1247 may be configured to control the operation of the second
receiver 1241, and the demodulator 1242. A second memory
1248, coupled to the second processor 1247, 1s configured to
store, and transier to the second processor 1247, data includ-
ing instructions for the processor 1247 to use 1n controlling
the operation of elements as described above.

The receiving apparatus 1240 also comprises a third trans-
mitter 1246, coupled to the second processor 1247, operable
to transmit a second signal comprising an indication of a
co-channel rejection capability of the receirving apparatus
1240.

The transmitting apparatus 1200 further comprises a first
receiver 1217 and a third receiver 1218, each coupled to the
selector 1230. The first recerver 1217 1s operable to receive
the first signal transmitted by the second transmuitter 1245 of
the receiving apparatus 1240 and to output the indication of
the measured characteristic to the selector 1230. The third
receiver 1218 1s operable: to receive the second signal trans-
mitted by the third transmitter 1246 ofthe recerving apparatus
1240; and to output the indication of the co-channel rejection
capability to the selector 1230.

The selector 1230 1s arranged to select the recerving appa-
ratus 1240 for co-channel operation depending on the mea-
sured characteristic, and/or to select the receiving apparatus
1240 for co-channel operation depending on the co-channel
rejection capability of the receiving apparatus 1240.

The Bit Error Probability (BEP) 1s measured at the remote
station 123-127. (Other parameters indicating ability of the
remote station 123-127 to reject interference may also be
used as discussed below). The BEP value 1s transmitted 1n the
remote station’s 123-127 periodic report back to the base
station 110, 111, 114. In the GERAN standards, for example,
the BEP 1s represented by the values 0-31 with O correspond-
ing to a probability of bit error of 25% and 31 corresponding
to a probability 010.025%. In other words, the higher the BEP,
the greater the ability of the remote station 123-127 to reject
interference. The BEP 1s reported as part of an “enhanced
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measurement report” or “extended report.” R99 and later
phones may have the capability to report BEP.

Once the burst has been sent, i1f the BEP of the remote
station 123-127 falls below a given threshold, the remote
station 123-127 may be considered to be unsuitable for
MUROS operations. In simulations, a BEP of at least 25 has
been shown to be an advantageous choice of threshold. It 1s
noted that the BEP 1s derived by sending a burst over the
channel and measuring the number of errors occurring 1n the
burst at the remote station 123-127.

However, the BEP on 1ts own may not be an accurate
enough measure of the qualities of the remote station 123-127
and the channel, particularly 11 there 1s a dramatic variation of
error frequency across the burst. It may therefore be prefer-
able to base the MUROS operation decision on the mean BEP
taking account of the co-variance of the BEP (CVBEP).
These two quantities are mandated by the standards as being

present in the report which the remote station 123-127 sends
to the base station 110, 111, 114.

Alternatively, the determination of whether the remote sta-
tion 1s suitable for co-channel operation could be based on the
RxQual parameter returned to the base station 110, 111, 114
by the remote station 123-127 for one SACCH period (0.48
ms). RxQual 1s a value between 0 and 7 where each value
corresponds to an estimated number of bit errors 1n a number
of bursts 1.e. the bit error rate (BER, see 3GPP TS 05.08). The
higher the bit error rate, the higher 1s RxQual. Simulations
have shown an RxQual of 2 or lower to be an advantageous
choice of threshold for MUROS operation.

Alternatively, the parameter RxLev may be used as a selec-
tion criterion. RxLev indicates the average signal strength
received 1 dBm. This would also be reported by the remote
station 123-127 after the discovery burst. An RxLev of at least
—100 dBm has been shown to be advantageous. While par-
ticular criteria for MUROS pairing have been described, it
would be plain to the skilled person that many other critenia
could be used mstead or 1n combination with those 1dentified
above.

FIG. 12A of the accompanying drawings 1s a schematic
diagram showing sequences of data frames each containing,
or not containing, discovery bursts comprising co-channel
data. Three sets of 29 consecutive data frames contain dis-
covery bursts 1n some of the frames. Time 1s represented as
the horizontal axis on the drawing. Each frame 1s transmitted
during a frame period. Each such frame period 1s separated
from an adjacent frame period by a small vertical line on the
drawing. Fach frame has a frame mdex, from 0 to 25, as
shown.

Afirst set of frames 1401 comprises 29 consecutive frames.
During a first time interval 1410, corresponding to a frame
period of a first frame having index zero (the frame shown as
a shaded box labeled zero on the drawing), a discovery burst
1s transmitted by the transmitting apparatus 1200 on a first
channel. The first channel comprises time slot 3 of the first
frame. Normal traffic bursts are transmitted during all the
remaining seven of the eight time slots of the first frame, 1.¢.
on different channels to the first channel. The transmitting
apparatus may transmit the discovery burst based on a signal
which the transmitting apparatus has received, the signal
indicating a measured characteristic of recerved data.

For example, a receiving apparatus, which has received
data transmitted on the first channel by the transmitting appa-
ratus, may send a signal indicating that the measured charac-
teristic of the recerved data (e.g. the BEP) has a prescribed
value. The measured characteristic may have a prescribed
value 1.e. 1t may be within a prescribed range of values or 1t
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may be above some value. If the measured characteristic has
the prescribed value, then the discovery burst 1s transmitted.

The recerved data may be either data which has been trans-
mitted 1n a normal burst, or data which has been transmitted 1n
a discovery burst.

During a second time interval 1411, corresponding to the
next twenty five consecutive frames having indices o1 1 to 25
inclusive, normal traific bursts are transmitted 1n all eight time
slots of each frame, each such frame having no discovery
burst. Starting with the next consecutive frame, indexed zero,
the process described above for frames O to 25 1s repeated.

Each time a frame 1s transmitted a receiving apparatus
1240 recerves the frame of data and then measures a charac-
teristic of the data (e.g. BEP). The receving apparatus 1240
transmits a {irst signal 1260 indicating the measured charac-
teristic.

The transmitting apparatus 1200 selects, or does not select,
the recerving apparatus 1240 for co-channel operation
depending on the measured characteristic.

The transmitting apparatus 1200 may select or not select
the receiving apparatus 1240 depending on the measured
characteristic of a single frame (e.g. frame 1ndexed zero), or
depending on the measured characteristic of several frames.
The frame(s) for which the characteristic 1s measured could
include, or not include, a frame contaiming a discovery burst.

If the transmitting apparatus 1200 does not select the
receiving apparatus, then the transmitting apparatus 1200
may then transmut, for a prescribed period, only normal traffic
bursts and not discovery bursts.

If, on the other hand, the transmitting apparatus 1200
selects the receiving apparatus 1240, then the transmitting,
apparatus 1200 may again transmit, for a prescribed period,
one or more discovery bursts. The transmitting apparatus
1200 may transmit a greater portion of frames containing
discovery bursts than just described, as set out below.

In a second set of frames 1402, the process described above
for the first set of frames 1s carried out, exceptthat a discovery
burst 1s transmitted in both the frame indexed O and also the
frame indexed 1. Thus the transmitting apparatus 1200 trans-
mits a greater proportion ol frames containing discovery

bursts, compared to the case discussed above for the set of
frames 1401.

In a third set of frames 1403, the process described above
for the first set of frames 1401 1s carried out, except that a
discovery burst 1s transmitted 1n the frames indexed 0, 1 and
2. Thus the transmitting apparatus 1200 transmits a greater
proportion of frames containing discovery bursts, compared
to the cases discussed above for the sets of frames 1401 or
1402.

The transmitting apparatus 1200 may continue to increase
the proportion of frames containing discovery bursts frames 1t
transmits, 1n relation to the total number of frames transmit-
ted, until either all frames contain discovery bursts (hence
co-channel data), or the recerving apparatus 1240 transmits a
signal indicating that the measured characteristic falls outside
a predefined range. For example, the BEP may be less than a
predefined value.

Multiple frames containing discovery bursts may be trans-
mitted consecutively 1 groups, as described above. Alterna-
tively, the multiple frames may be transmitted non-consecu-
tively. For example, a discovery burst may be transmitted in
frames 1ndexed O and 4, or several discovery bursts may be
interspersed between sets of normal bursts.

FIG. 12B of the accompanying drawings 1s a further sche-
matic diagram showing sequences of data frames each con-
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taining, or not containing, discovery bursts comprising co-
channel data. Such sequences would be suitable for use 1n a

GERAN system.

Each sequence of frames, 1404 to 1408, 1s a sequence of
frames of SACCH data transmitted by the transmitting appa-
ratus 1n a SACCH period. The sequence of frames 1404 1s
transmitted in SACCH 1 period (labeled SACCH 1), the
sequence of frames 1405 1s transmitted in SACCH 2 period
(labeled SACCH 2) and so on.

Referring to each SACCH period, the first frame furthest to
the left on the figure 1s labeled S, and 1s a SACCH signalling
frame. The next frame has frame index 48 and contains a
discovery burst. The frame with index 48 thus comprises a
first time 1nterval during which a discovery burst 1s transmiut-
ted. The first time 1interval may be considered as the period of
the frame containing the discovery burst, or it may be con-
sidered as the time of duration ofthe discovery burstitself, 1.e.
a time slot. For the sake of simplicity, the first time 1nterval 1s
considered hereinafter as the period of the frame containing
the discovery burst.

Frame 49 of the SACCH 1 period and the remainder of
frames 1n SACCH 1 period contain no discovery burst.

During SACCH 2 period 1405, the transmitting apparatus
1200 transmits SACCH data which does not comprise any
discovery burst. The receiving apparatus receives the trans-
mitted SACCH data. During a period corresponding to
SACCH 2 period, the receiving apparatus 1240 transmits a
first signal 1260. The first signal comprises a measured char-
acteristic (e.g. BEP) of data which has been transmitted by
transmitting apparatus during SACCH 1 period and received
by the recerving apparatus 1240. The first signal comprises a
message 1n a frame corresponding to a frame labeled S (e.g.
the frame preceding frame 48 or the frame preceding frame
71).

The transmitting apparatus continues to transmit frames
containing normal bursts (not discovery bursts) until, in frame
indexed 48 of SACCH 3 period, the transmitting apparatus
transmits a frame of data containing a discovery burst. There-
fore the interval of time between frame 48 ot SACCH 1 period
and frame 48 of SACCH 3 period 1s the second time interval
discussed above, during which no discovery bursts are trans-
mitted. The second time 1nterval may be defined as the time
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interval between the end of the discovery burst in frame 48 of
SACCH period 1 and the beginning of the discovery burst 1n
frame 48 of SACCH period 3. Alternatively the second time
interval may be defined as the time 1interval between the end of
frame 48 of SACCH period 1 and the beginning of frame 48
of SACCH period 3. A discovery burst 1s transmitted 1n both
these frames.

During SACCH 3 period 1406, the transmitting apparatus:
transmits a frame mdexed 48 which contains a discovery
burst; then transmits three frames indexed 49, 50 and 51
which contain no discovery burst; and then transmits a frame
indexed 52 which contains a discovery burst. The transmiut-
ting apparatus then transmits frames containing normal bursts
until, 1n frame indexed 48 of SACCH 5 period 1408, the
transmitting apparatus transmits a frame of data containing a
discovery burst.

The transmitting apparatus transmits one more frame con-
taining a discovery burst during SACCH 3 period than for
SACCH 1 period, depending on the measured characteristic
which 1s transmitted by the recerving apparatus and recerved
by the transmitting apparatus during a period corresponding
to SACCH 2 period.

Similarly, the transmitting apparatus transmits, during
SACCH 35 period, three frames which each contain a discov-
ery burst 1.e. 1t transmits one more frame containing a discov-
ery burst during SACCH 3 period than for SACCH 3 period,
depending on the measured characteristic which 1s transmiut-
ted by the receiving apparatus and received by the transmit-
ting apparatus during a period corresponding to SACCH 4
period.

This process of adding a further frame containing a discov-
ery burst for a later SACCH period may continue until either
the measured characteristic of received data no longer meets
predefined criteria or until a predetermined proportion of
transmitted frames contain discovery bursts (e.g. all transmut-
ted frames).

Table 4 below 1s a tabular listing of indexed SACCH data
frames, for twelve SACCH periods. SACCH 1 to SACCH 8
periods are consecutive and SACCH 21 to SACCH 24 periods
are consecutive. SACCH 9 to SACCH 20 periods are not
shown, for simplicity. Frames containing a discovery burst
are shown as having bold text and borders.

TABLE 4

Frame index

O 1| 21 3| 4| 5| 6| 7 8| 9|10 | 11 121 13 14 (15 (16 | 17 |18 [ 19 | 20 | 21 | 22 | 23 | S
2412512627 |28 12913031 (323334 | 35 36 | 37| 38 | 39 | 40 | 41 |42 |43 | 44 | 45 | 46 | 47 | ®

SACCEL 49 150 [ 51 |52 |53 |54 55|56 |57 58| 59 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | S
21731747576 |77 |78 |79 80|81 |82 | 83 84 | 85| 86 | 87 | 88 | 89 | 90 | 91 | 92 193 | 94 | 95 | S

O 1| 21 3| 4| 5| 6| 7| 8| 9|10 | 11 121 13 14 {15 (16 | 17 |18 [ 19 | 20 | 21 | 22 | 23 | S

24125 | 26127 |28 |29 |30 |31 1323334 | 35 36 | 37| 38 | 39 | 40 [ 41 |42 |43 | 44 | 45 | 46 | 47 | ©

SACCH 2 491 50| 51 3154|5556 (57|58 | 59 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | S
2173 1747576 |77 |78 |79 80| 81|82 | &3 34 | 85| 86 | 87 | 88 | 89 | B0 | 91 | 92 193 |94 | 95 | S

O 1| 21 3| 4| 5| 6| 7| 8| 9|10 | 11 121 13 14 (15 (16 | 17 | 18 [ 19 | 20 | 21 | 22 | 23 | S

24125 26127 |28 29|30 311323334 | 35 36 | 37| 38 | 39 | 40 [ 41 |42 |43 | 44 | 45 | 46 | 47 | D

SACCH3 483 [49 | 50|51 |52 |33 [ 34 [35 |56 |57 |58 | 59 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | S
21737417576 |77 |78 |79 80|81 |82 | &3 84 | 85| 86 | 87 | 88 | 89 | 90 | 91 | 92 | 93 [ 94 | 95 | S

o1 1| 2 3] 4] 5| 6| 7| 8| 910 | 11 121 13 14 | 15 (16 | 17 |18 | 19 | 20 | 21 | 22 | 23 | S
2412526127 |28 29|30 311323334 | 35 36 | 37| 38 | 39 | 40 [ 41 |42 |43 |44 | 45 | 46 | 47 | D

SACLHA 48 149 | SO 151 |52 153 (54 |55]156 5758 | 59 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70| 71 | S
21737417576 |77 |78 79180 |81 82 | &3 84 | 85| 86 | 87 | 88 | 89 | 90 | 91 | 92 | 93 [ 94 | 95 | S
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TABLE 4-continued

ol 1| 2] 3] 4| 5| 6| 7] 8] of10] 11 w517 s]w]|20]|21]2]2]s

24125 | 26 | 27 [28 |20 |30 31 [32]33 |34 | 33 36| 37| 38 | 39 | 40 |41 |42 |43 |44 |45 |46 | 47 | S

SACERS 49 50|51 [52) 53|54 |55 [s6] 57| 58 | 59 61| 62| 63 |64 |65 |66 |67 |68 |60 |70]71]s
72173 | 74|75 |76 | 77| 78 [ 79 [ 80 | 81 | 82 | 83 84 | 85| 86 | 87 | 88 | 80 |90 [ o1 [ 92 [ 93 |94 | 05 | s

ol 1| 2] 3] 4| 5] 6| 7] 8] of10] 11 (|l w|lis{we]7s]w]|20]|20]2]2]s

24125 | 26 |27 [28 |20 |30 [31 323334 | 33 36| 37| 38 | 39 | 40 |41 |42 |43 |44 |45 |46 |47 ]|

A O s a0 [ 50 [51 52|53 | 54 |55 | 56 | 57 58 | 9 60| 61| 62|63 |64 |65 |66 |67 |68 |60 |70]71]s
72173 | 74|75 |76 | 77| 78 [ 79 [ 80 | 81 | 82 | 83 84 | 85| 86 | &7 | 88 | 80 |90 [ o1 |92 [ 93 |94 | 05 | s

ol 1| 2] 3] 4| 5] 6| 7] 8] of10] 11 (|l w|ls{we]7s]w]|20]|20]2]2]s

24125 | 26 | 27 [28 |20 |30 31 3233 |34 | 33 36| 37| 38 | 39 |40 |41 |42 |43 |44 |45 |46 |47 ]|

SACERT 50|51 [52) 53 | 54 |55 [s6] 57| 58 | 59 61 | 62 | 63 65 | 66 | 67 60 | 70 | 71 | S
74|75 |76| 77| 78 [ 79 [ 80 | 81 | 82 | 83 84 | 85| 86 | &7 | 88 | 80 |90 [ o1 |92 [ 93 |94 | 95 | s

ol 3| 4| sl 6| 7] 8| o]0 11 | w|isfwe|17s]ww]|20]|20]2]2]s

24125 | 26 | 27 |28 |20 |30 31 3233 |34 | 33 36| 37| 38 |39 |40 |41 |42 |43 |44 |45 |46 | 47|

AR g a0 [ 50| 51 |52 |53 [ 54 |55 | 56| 57| 58 | 59 60| 61| 62| 63 |64 |65 |66 |67 |68 |60 |70]71]s
72173 | 74|75 [76 | 77| 78 [ 79 [ 80 | 81 | 82 | 83 84 | 85| 86 | &7 | 88 | 80 |90 [ o1 [ 92 [ 93 |94 | 95 | s

> 5| 6 0|10 | 11 S

26 29 | 30 33|34 | 33 S

SACER 2] 50 53 | 54 57|58 | 59 S
74 77 | 78 31|82 | 83 S
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During SACCH 1 period, the transmitting apparatus trans-
mits frames of which frame 48 contains a discovery burst and
the remaining frames do not contain a discovery burst.

During SACCH 2 period, the measured characteristic of
the data transmitted 1n the SACCH 1 period 1s transmitted by
the recetving apparatus and recerved by the transmitting
apparatus during a period corresponding to SACCH 4 period.
The measured characteristic meets the predefined critena.

Because the measured characteristic meets the predefined
criteria, during SACCH 3 period, the transmitting apparatus
transmits frames of which frame 48 and frame 52 contain a
discovery burst and the remaining frames do not contain a

discovery burst. The process of adding frames containing
discovery bursts continues, as shown for the subsequent
SACCH 4 to 13 periods.

Each time the transmitting apparatus recetves the measured
characteristic, the transmitting apparatus selects, or does not
select, the receving apparatus for co-channel operation and,
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depending on the measured characteristic, the transmitting
apparatus may transmit a greater proportion of frames con-
taining discovery bursts.

It can be seen from the figure that during SACCH 13
period, alternate frames contain discovery bursts.

A final selection of the recerving apparatus results 1n the
transmitting apparatus transmitting co-channel data during a
predetermined proportion of the transmitted frames, for
example all of the frames or a predetermined maximum num-
ber of frames.

After a first receiving apparatus 1s selected for co-channel
operation, a second receiving apparatus may be selected

using the procedure described above except that, to select the
second receving apparatus, discovery bursts are transmitted
on the second channel, the second channel being for the data
intended for the second receiving apparatus. Described above
1s the transmitting of discovery bursts on the first channel to
select the first recerving apparatus.
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Alternatively, both the first and second receiving apparatus channel (channel 2). The frames are indexed from O to 25, the
may be selected substantially simultaneously, whereby each sequence of frame indices then repeating from O to 6.
of the first and second data are transmitted on each channel.

Described below are methods and apparatus which illus- SABLE S
trate how the above features may be applied to a pair of 5 Frame
remote stations 123-127 operating using MUROS/VAMOS index Channel 1 Channel 2
in a GSM or GERAN communications system. ) & 51 &)
1 D1 D2
Testing a Tratfic Channel g D1 D?
10 3 D1 D2
The network may evaluate a plurality of traffic channel ;1 gi gg
(TCH) candidates which two or more remote stations 123- . D1 o
127 may potentially use as a MUROS TCH. The selected 7 D1 D2
TCH may be the TCH currently 1n use by a pair of users (for 8 D1&D?2 D1&D2
example when the users are served by different cells or sec- 15 | z gf‘&m g;&m
tors), or it may be an unused TCH that 1s known to have good i1 D1 Do
metrics (see below). Subsequently, one of the remote stations 12 D1 D2
123-127 may be moved onto another TCH which 1s already 1n 13 D1 D2
use. To increase the capacity of a cell, the network may i;‘ g} gé
consider a number of current remote stations 123-127 to 20 16 1 &D? D1 &D?
potentially be operated in MUROS mode. Many pairs of 17 D1&D2 D1&D?2
remote stations 123-127 may be tested in parallel, possibly by 18 D1&D2 D1&D2
the base station radio management entity. The network may Eg g} g;
enable the extended report and rely on the remote stations 1 D1 .
123-127 reporting their BEP 11 they are R99 or later. If the 25 22 D1 D2
remote stations 123-127 are pre-R99, the network may rely 23 D1 D2
on the remote stations 123-127 transmitting signals indicat- ;2 gf“ g;
ing Rxqual and RxLev values. 5 D1&D> D1&D>
Betore MUROS 1s fully utilized on a TCH (e.g. during 1 D1&D?2 D1&D?2
every or most traflic data frames), the TCH may be tested as 30 2 D1&D2 D1&D2
follows. A discovery burst 1s transmitted by the base station i gfgg; g} zg;
110, 111, 114 in place of a normal traffic (e.g. speech) burst. 5 D1&D? D1&D?
I1 the report returned by the remote station 123-127 to the 6 D1&D?2 D1&D?2
base station 110, 111, 114 (e.g., enhanced measurement
report, or extended report) indicates that the remote station 35 _
123-127 can suificiently reject the interference caused by the 1ABLE
co-channel signal, more discovery bursts can be sent. In one Eramme
example, the discovery bursts may be sent at regular intervals, index Channel 1 Channel 2
such as every SACCH period. This burst may be referred to as .
a MUROS discovery burst. The discovery bursts can vary in 40 (1] g:h&m g;
tollowing aspects with regards to the normal (non-discovery) 5 D1 D7
traffic bursts. 3 D1 D2
The amplitudes of the discovery bursts, may vary. The 4 D1 D2
discovery bursts may consist of a few bits/symbols of a burst 2 g? g;
to half a burst or a whole burst. 45 7 D1 N2
The amount of discovery bursts sent may range from one to 8 D1&D2 D2
a few, and from non-consecutive discovery bursts to consecu- 9 Dl&D2 D2
tive bursts. :‘? g:‘ gé
The modulation types of the discovery burst may be dif- 19 D1 )
ferent to the modulation type of the normal traffic bursts. 50 13 D1 D2
The modulation types of the discovery burst may vary (i.e., 14 D1 D2
QPSK, alpha-QPSK, linear sum of two GMSK and high order :“2 g? PSS g;
modulations, such as 8PSK, 16QAM). 17 D1&D? N
If discovery bursts are added gradually the performance of 18 D1&D?2 D2
remote stations 123-127 is not degraded unacceptably during 55 15 D1 D2
calls. It 1s preferable to determine a remote station’s 123-127 ;? g? g;
MUROS capability without disturbing the communication. A 79 D1 Do
GERAN system can make this determination because the 23 D1 D2
system was designed to have some margin to combat fading, 24 D1 D2
: . 25 D1 D2
since the system may not have either a fast, or a fine-step, 60 " 1 &Y o
teedback loop for physical layer power control. For a DARP- | D1&D? N7
enabled remote station, such a margin 1s large enough that 1t 2 D1&D2 D2
is possible to use traffic bursts for transmitting discovery 3 Dl&D2 D2
bursts to the DARP remote station, for the purpose of setting, ;1 g:zg; g;
up another call. Tables 4 and 5 below show listings of con- 65 5 D1&D? D2

secutive transmitted frames of data transmitted by the trans-
mitting apparatus on a first channel (channel 1) and a second
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Referring to the second column of the tables above, headed
channel 1, during a first time 1nterval corresponding to frame
indexed zero, a first data D1 comprising a first data sequence,
and a second (co-channel) data D2 comprising a second data
sequence, are transmitted on a first channel (channel 1). Dur-
ing the first time interval, the second data 1s also transmitted
on a second channel (channel 2).

The transmitted frames of data are recerved by the recerv-
ing apparatus 1240. The recerving apparatus 1240 measures a
characteristic of received data, based on some or all received
frame(s), and transmits a signal indicating the characteristic.
The signal 1s recerved by the transmitting apparatus 1200.

During a second time interval corresponding to frames
indexed 1 to 7, the first data D1 (but not the second data D2)
1s transmitted on the first channel (channel 1) and the second
data 1s transmitted on the second channel (channel 2). Option-
ally the second data 1s only transmitted on channel 2 during
the first time 1nterval. This would result in loss of a portion of
the second data on the second channel but it may be a sitmpler
implementation. The transmitted frames may contain no co-
channel data either depending, or not depending on the char-
acteristic.

Depending on the characteristic (e.g. if the measured BEP
1s acceptable), during a third time interval corresponding to
frames indexed 8 and 9, the first data D1 and the second
(co-channel) data D2 are transmitted by the transmitting
apparatus 1200 on the first channel (channel 1), and the sec-
ond data 1s transmitted on a second channel (channel 2).
Optionally the second data 1s only transmitted on channel 2
during the first time interval.

During a fourth time interval corresponding to frames
indexed 10 to 13, the first data D1 (but not the second data D2)
1s transmitted on the first channel (channel 1) and the second
data 1s transmitted on the second channel (channel 2).

During a {fifth time interval corresponding to Iframes
indexed 16 to 18, the first data D1 and the second (co-channel )
data D2 are transmitted on the first channel (channel 1), and
the second data 1s transmitted on a second channel (channel
2).

During a sixth time interval corresponding to frames
indexed 19 to 25, the first data D1 (butnot the second data D2)
1s transmitted on the first channel (channel 1) and the second
data 1s transmitted on the second channel (channel 2).

During a seventh time interval corresponding to frames
indexed O to 6, the first data D1 and the second (co-channel)
data D2 are transmitted on the first channel (channel 1), and
the second data 1s transmitted on a second channel (channel
2).

Thus, depending on the measured characteristic of
recerved data, the second data 1s either sent, or not sent, on the
same channel as the first data. Additionally, as shown 1n table
4, the second data 1s sent on the same channel as the first data
during a time interval which depends on the measured char-
acteristic of received data. For example, if the BEP reported
for received frames 0 to 7 of table 4 (or for only frame 0) 1s
within a predetermined range, then both first and second
(co-channel) data are transmitted in frames 8 and 9. The time
interval for sending co-channel data (1.e. the number of
frames 1n this example) may be set to increase with time so
long as the measured characteristic remains within the pre-
determined range and until a target proportion of frames
contain co-channel data.

Thus, Table 4 shows a listing of consecutive transmitted
frames of data in which: a portion of the frames transmitted on
channel 1 contain discovery bursts 1.e. co-channel data (first
data D1 for a first recerving apparatus and second data D2 for
a second receiving apparatus); and all of the frames transmiut-
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ted on channel 2 contain only the second data D2. The dis-
covery bursts are used, as described above, to select, or not

select, the first receiving apparatus.

Table 5 shows a listing of consecutive transmitted frames
of data in which: a portion of the frames transmitted on
channel 1 contain discovery bursts and all of the frames
transmitted on channel 2 contain only the second data D2; and
additionally a portion of the frames transmitted on channel 2
contain discovery bursts. For simplicity, the discovery bursts
are shown as being transmitted in the same frames for both
channel 1 and channel 2, however the discovery bursts may be
transmitted 1n different frames for channel 2 than for channel
1.

The discovery bursts as shown in table 5 are used as
described above: to select or not select the first receiving
apparatus 1240; and additionally to select or not select a
second receving apparatus 1240.

FIG. 13 of the accompanying drawings 1s a flow diagram of
a method of selecting a receiving apparatus 1240 for co-
channel operation. A first data sequence 1s selected for first
data (block 1601). The first data sequence comprises a first
training sequence. A first power level 1s determined for trans-
mitting the first data (block 1602). A second data sequence 1s
selected for second data (block 1603). The second data
sequence comprises a second training sequence. A second
power level 1s determined for transmitting the second data
(block 1604). The equalizer 1105 of the recerving apparatus
1240 can use the first training sequence to distinguish the first
signal from the second signal, and can use the second training
sequence to distinguish the second signal from the first signal.
The first and second data are transmitted on a first channel
at the respective first and second power levels (block 1605).
The transmitted data 1s recerved 1n the receiving apparatus
1240 (block 1606) and a characteristic of the data, BEP, 1s
measured (block 1607). The recerving apparatus 1240 trans-
mits a signal indicating the BEP (block 1608). The transmut-
ting apparatus 1200 receives the signal (block 1609). A deter-
mination 1s made (block 1610) of whether the measured
characteristic meets predefined criteria, for example, does the
BEP fall within a predefined limit? If the measured charac-
teristic meets the predefined criteria, the recerving apparatus
1240 1s selected for co-channel operation (block 1611). If the
measured characteristic does not meet the predefined criteria,
the recerving apparatus 1240 1s not selected for co-channel
operation (block 1612) but 1s selected for single channel
operation.

FIG. 14 of the accompanying drawings 1s a further tflow
diagram of a method of selecting a recerving apparatus 1240
for co-channel operation. In this flow diagram, the steps are
the same as those shown i FIG. 13, exceptthatin block 1707,
a characteristic of the first and second data (not only the first
data) 1s measured. In block 1607 of FIG. 13, a characteristic
of only the first data 1s measured.

Selection of Speech Codec

Another consideration 1s that the CCI rejection of a DARP
capable remote station 123-127 will vary depending on which
speech codec 1s used. For example, the ratio of transmitted
powers for two paired remote stations 123-127 may also be
alfected by the selection of codecs. For example, a remote
station 123-127 using a low codec rate (such as AHS 4.73)
would be able to still operate while receiving less power (such
as 2 dB) than if the remote station 123-127 used a higher
codec rate (such as AHS3.9), due to the coding gain. To find
the better codecs for a pair of remote stations 123-127, a
lookup table may be used to find suitable codecs for the pair.
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Thus, the network may assign different downlink power lev-
els according to a) the distance from the base station 110, 111,
114 to the remote station 123-127, and b) the codecs used.

FIG. 15 of the accompanying drawings 1s a graph of FER
performance under different levels of signal-to-noise ratio
(Eb/No) for different codecs.

FIG. 16 of the accompanying drawings 1s a graph of FER
performance under different levels of carrnier to interference
(C/1) for different codecs.

It may be better 11 the network finds co-channel users who
are at a similar distance from the base station 110, 111, 114.
This 1s due to the performance limitation of CCI rejection. If
one signal 1s stronger compared to a weaker signal, the
weaker signal may not be detected due to the interference to
the weaker signal by the stronger signal, 11 the ratio of powers
between weaker and stronger signal 1s too great. Therelore,
the network may consider the distance from the base station
110, 111, 114 to new users when assigning co-channels and
co-timeslots. The following described procedures would
allow the network to minimize the interference to other cells.

Remote stations 123-127 may be selected as candidates for
MUROS operation based on, for example, the RxLev
reported by each remote station 123-127, and a traffic assign-
ment (TA) made to the candidate MUROS remote stations
123-127. The network can dynamically determine possible
MUROS pairing groups of remote stations 123-127. For
example, 11 a non-DARP capable remote station 123-127 1s
turther away from a serving base station 110, 111, 114 than a
DARP capable remote station 123-127, 1t may be possible to
pair the two remote stations 123-127 as described above, such
that the transmitted power levels are different for the two
remote stations 123-127.

To dynamically pair groups of remote stations 123-127, the
network may maintain a dynamic database of the above infor-
mation (e.g. range, RXLEV, etc.) for remote stations 123-127
in the cell and prepare to make changes to the pairings when
the RF environment changes. These changes include: new
pairing, de-pairing and re-pairing either both of a pair of
remote stations 123-127, or just one of them. These changes
are determined by: changes of power ratios between the

paired MUROS remote stations 123-127; and also changes of
codecs used by each MUROS caller.

As stated above, the metrics RXqual/BEP and RxLev may
be used to measure the effect of the discovery bursts. For
those discovery bursts that have an associated increase of
Rxqual or decrease of BEP (1.e. a degraded quality of recerved
data at the remote station 123-127), the remote station 123-
127 at that moment may not be suitable for MUROS on the
TCH candidate on which the discovery bursts are transmitted.
On the other hand, 11 the BEP/Rxqual for the discovery burst
1s not much worse than for the normal bursts, then MUROS
may be suitable for that candidate TCH.

For a 0 dB MUROS discovery burst (in which the co-
channel data 1s transmitted at the same power level or ampli-
tude as the normal traffic data), the RxILev metric could have
a 3 dB increase during the SACCH period when the discovery
bursts are sent. Such a test may also be used with different
codecs. For example, using codec ASHS.9 1n a DARP capable
phone 123-127, and assigning 0 dB MUROS power ratio
between the two MUROS signals in the discovery burst,
would cause minimal degradation of the Rxqual/BEP met-
rics. On the other hand, a non-DARP capable phone 123-127,
in the same conditions, may indicate a drop 1n the Rxqual
metric even after only one discovery burst has been transmit-
ted. Also, for a discovery burst which has a duration of one
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SACCH period (0.48 sec), the RxLev metric may be 3 dB
higher (due to O dB co-channel power ratio) than for the

normal, non-discovery bursts.

For those remote stations 123-127 that are DARP capable,
further information about their capability to pair with non-
DARP capable and DARP capable phones 123-127 may be
obtained. This information may include: the power ratio
between the co-TCH users; the codecs that can be applied to
cach co-TCH users in their condition; or the traimning
sequence to be used. Hence, a co-TCH can be adapted to wide
range of MUROS remote stations 123-127.

It 1s possible to obtain a sustainable power ratio between
two remote stations 123-127 which can be paired on a
MUROS co-TCH by a step by step increase in power of signal
for the prospective co-TCH user and by gauging a suitable
ratio where the metrics indicate an acceptable performance.
For those remote stations 123-127 where the power ratio 1s
below a certain value, say —4 dB, 1t 1s possible to pair that
remote station 123-127 with a non-DARP capable phone
123-127. For those remote stations 123-127 where the power
ratio 1s around O dB, then a DARP capable remote station
123-127 can be used to pair with another DARP remote
station.

For those remote stations 123-127 that are suitable or have
been on MUROS calls, similar estimations apply so that the
network may switch the remote stations 123-127 back to
normal operation when conditions indicate to do so. The
examples described herein and 1n the accompanying draw-
ings work with legacy remote stations 123-127, as there 1s
nothing new that a remote station 123-127 will do when
paired with a MUROS capable remote station 123-127. The
legacy DARP remote station 123-127 just operates as if 1n
normal operation without realizing that a smart network 1s
using 1ts DARP capability for good capacity gain 1n the cell.

Description of Prescribed Discovery Bursts

An ongoing voice call 1s kept alive and maintained by a
SACCH. The base station 110, 111, 114 relies on the remote
station’s 123-127 SACCH report containing such informa-
tion as, 1n one example, the value of RXQual of a remote
station 123-127, to decide what to do next. Each SACCH
period/frame1s 104 frames and 480 ms long. Enhanced power
control (EPC) can reduce the period/frame length to 26
frames and 120 ms long. The remote station 123-127 1s used
to report previous SAACH period performance, so there 1s
480 ms or 120 ms delay. A call 1s dropped 1f a number of
SACCH reports are missing. An operator may set the value or
threshold of missing SAACH reports where a call 1s dropped.
For example, losing 25 SACCH frames 1s likely to drop the
call. On the other hand, a call won’t be dropped if one SACCH
frame 1s lost. A method may be used to make a call drop
decision.

Using EPC to determine 1f a remote terminal 123-127 1s
MUROS capable may be quicker because its period/frame
length 1s shorter. Both EPC and the normal SACCH frame can
be used by the network when sending discovery bursts to
determine 11 a remote terminal 123-127 1s MUROS capable.
Below are some examples of sending discovery bursts during
a normal SACCH period to describe the points of operation.
The same method may be applied to an EPC case.

In order not to cause an unnecessary dropped call, the
discovery bursts may be applied lightly. 1.e., one discovery
burst per SACCH period, to start with. Thus, at the beginning,
only during 1 of the 104 frames 1n a SAACH period will a
discovery burst be sent. The number of frames when discov-
ery bursts are sent 1s then ramped up. MUROS may be applied
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to those remote stations 123-127 that have no problem han-
dling discovery bursts sent during all SACCH frames (104) 1n
a SACCH period. In one example, it may be helpful to send
discovery bursts to multiple SACCH frames to make sure the
remote station 123-127 1s good enough for MUROS opera-
tion.

FIG. 17 1s a flow diagram of a method of progressively
increasing the number of discovery bursts within a SACCH
period for a series of SACCH periods. The method 1s low risk
and avoids bad voice quality and dropped calls.

Initially a base station 110, 111, 114 selects MUROS can-
didate remote stations from remote stations that report good
Rxqual values, e.g. Rxqual=0 (step 1805 of FIG. 17).

The base station’s transmitting apparatus sends just one
discovery burst during one frame of the 104 frame SAACH
period (step 1810 of FIG. 17). For example one discovery
burst 1s sent during TCH frame 48. The reasons to start from
frame 48 are: 1t 1s the first burst of a speech block; and the base
station 110, 111, 114 may use some time to process the last
SACCH data received from the remote station. Frame 48 1s
near the middle of the SAACH period. This gives the base
station 110, 111, 114 enough time to analyze the remote
station’s 123-127 report during the last SACCH period,
betore the next SAACH period starts.

During the next SACCH period, the base station 110, 111,
114 receives a report of the RxQual of the remote station
123-127 during the last SACCH period (step 1815). Other
measured characteristics such as BEP or RxLev may be 1den-
tified 1n the report. No discovery bursts are sent 1n the next
SACCH period when a reference RxQual 1s reported to the
base station 110, 111, 114.

Next, the base station 110, 111, 114 determines if the
RX(ual 1s acceptable (step 1817). If the Rxqual 1s acceptable
(for example, Rxqual<=1) the base station 110, 111, 114
transmits two discovery bursts during the next SAACH
period (step 1820). For example, discovery bursts may be sent
during TCH frames 48 and 32. This procedure avoids sending
two discovery bursts in one speech block (4 frames) at an
carly stage. If the discovery bursts cause speech data errors on
this TCH, the speech quality 1s impacted less if the two
discovery bursts are not sent 1n one speech block.

The next SACCH period (SACCH (N+1) period) 1s used to
report Rx(Qual of the remote station 123-127 for this SACCH
period (SACCH N period) to the base station 110, 111, 114
(step 1825). IT the RxQual 1s not acceptable, no more discov-
ery bursts are sent (step 1822).

A progressively increasing number of discovery bursts are
transmitted by the base station 110, 111, 114 to the remote
station 123-127 during a SAACH period until a threshold 1s
reached. In one example, the threshold 1s that the first burst of
all 24 speech blocks 1n a SACCH frame comprises a discov-
ery burst. In another example, discovery bursts are transmiut-
ted during all 104 frames of a SAACH period. A possible
sequence of steps for transmitting discovery bursts 1s: 1:2:4:
8:24, which 1s 480x2x5=4800 msec. Therefore the first stage
uses about 5 seconds to determine the good MUROS candi-
dates which will be put on a short list.

During the next SACCH period, the base station 110, 111,
114 receives a report of the RxQual of the remote station
123-127 during the last SACCH period (step 1825).

A determination 1s made of whether the RxQual 1s still
acceptable (step 1828) If the remote station’s 123-127 Rxqual
i1s still acceptable, then a check 1s made of whether the thresh-
old reached concerning the maximum number of discovery
bursts to transmit during a SAACH (step 1830). If Rx(QQual 1s
not acceptable, no more discovery bursts are transmitted (step
1832). If the threshold 1s reached, the proportion of frames
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containing discovery bursts 1s no longer increased. (step
1835). I the threshold 1s notreached, the number of discovery

bursts 1 one SAACH period 1s increased and the process
returns to step 1823, to await the next reporting of RXQual.
(step 1840 of FI1G. 17).

In one example, for those remote stations 123-127 that do
not have Rxqual<3, discovery 1s stopped, and they are
dropped from the short list of MUROS capable remote sta-
tions 123-127. The reference SACCH period may be a good
reference period in which to compare a remote station’s 123-
127 Rxqual with a remote station’s 123-127 Rxqual during a
SAACH period i which discovery bursts were sent. One
reason 1s that the environment of the remote station 123-127
may change such that the Rx(Qual deteriorates independently
of any discovery bursts. That may happen when remote sta-
tion 123-127 recerves strong interierence from other remote
stations 123-127 or the remote station’s signal experiences
bad multipath fading.

The V4 discovery burst rate (one discovery burst transmit-
ted every 4th frame) shown in SAACH period #11 1s generally
a good indication of MUROS candidates. From there, the
base station 110, 111, 114 may transmit twice as many dis-
covery bursts 1n SACCH period #13 (one discovery burst
transmitted every 2nd frame), or the base station 110, 111,
114 may change the power level of the discovery bursts.

FIG. 18 of the accompanying drawings shows an apparatus
for operating 1n a multiple access communication system to
produce first and second signals sharing a single channel. A
first data source 4001 and a second data source 4002 (for a
first and a second remote station 123-127) produce {first data
4024 and second data 4025 for transmission. A sequence
generator 4003 generates a first sequence 4004 and a second
sequence 40035. A first combiner 4006 combines the first
sequence 4004 with the first 4024 data to produce {first com-
bined data 4008. A second combiner 4007 combines the
second sequence 40035 with the second data 4025 to produce
second combined data 4009.

The first and second combined data 4008, 4009 are input to
a transmitter modulator 4010 for modulating both the first and
the second combined data 4008, 4009 using a {irst carrier
frequency 4011 and a first time slot 4012. In this example, the
carrier frequency may generated by an oscillator 4021. The
transmitter modulator outputs a first modulated signal 4013
and a second modulated signal 4014 to a combiner 4022
which combines the modulated signals 4013, 4014 to provide
a combined signal for transmission. A RF front end 4015,
connected to the combiner 4022, processes the combined
signal by upconverting it from baseband to an RF (radio
frequency) frequency. The combined upconverted signal 1s
sent to antenna 4016 where the upconverted signal 1s trans-
mitted via electromagnetic radiation. The combiner 4022
may be a part of either the transmitter modulator 4010 or the
RF front end 4015 or a separate device.

DTX Pertormance of SACCH for VAMOS

The robustness of the associated control channel (ACCH)
may 1nfluence network voice capacity because the ACCH
(unlike the traffic channel, TCH) has no built-in redundancy.
That 1s, all ACCH data must be recetved with few errors in
order for a dedicated data session, for example a voice ses-

s10n, to continue. The ACCH comprises the slow associated
control channel (SACCH) and the fast associated control

channel (FACCH).

A communications network may communicate with more
than one remote station on the same channel. In order to do
this, a first signal 1s transmitted at a first power level, the
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signal containing first data for a first remote station, and a
second signal 1s transmitted on the same channel, contempo-
raneously with the first signal and at a second power level, the
second signal containing second data for a second remote
station. The first and second data comprise first and second

SACCH data respectively.

The network communicates 1n this way in two circum-
stances. In a first circumstance a first base station transmaits
the first signal and a second base station transmits the second
signal. In a second circumstance the first base station trans-
mits both the first and second signals. In the second circum-
stance the first and second signals may be combined in the
transmitter and transmitted as one signal.

A base station 110, 111, 114 may transmit the first and
second signals on the same channel by operating according to
methods known collectively as either Multi-User on One Slot
(MUROS) or as Voice services over Adaptive Multi-user on

One timeSlot (VAMOS). According to the methods, a differ-

ent training sequence 1s used for each signal. This principle of
operation may be extended to more than two remote stations.
Each remote station receives the first and second SACCH

data contemporaneously on the same channel. I1 the second
remote station recerves the first SACCH data at a higher

power level than the level at which 1t receives the second
SACCH data, say 10 dB higher, then the first SACCH data

may interfere with the second SACCH data at the second
remote station to an extent whereby the quality of the recerved
second SACCH data 1s degraded too much for a call to be
maintained by the second remote station.

By offsetting 1in time the first SACCH data from the second
SACCH data, the above problem can be largely avoided
because the second remote station receives the first SACCH
data and second SACCH data at different times and therefore
the first SACCH data does not imterfere with the second
SACCH data, at the second remote station.

Furthermore, 1f the first and second SACCH data are offset
as described above, then the power level of the second

SACCH data may be increased so that the second SACCH
data still does not interfere with the first SACCH data. This 1s
advantageous to the second remote station 1f the second

remote station experiences degradation of the quality of its
received second SACCH data. For example, the second
remote station may be subject to greater path loss from the
base station than for the first remote station, and may also
experience a sudden or momentary fade due to multipath.

DTX 1s a method that improves overall efficiency of a
wireless device by momentarily discontinuing the transmis-
s1on of voice data when there 1s no significant voice mput to
the microphone of the wireless device (e.g. a remote station).
Typically 1n a two-way conversation, a user of a remote sta-
tion speaks during slightly less than half of the time. The duty
cycle of the transmission can be cut to less than 50 percent 1f
the transmitter signal 1s switched on only during periods of
voice put. This improves efficiency by reducing interter-
ence and by conserving battery power.

An ongoing voice call 1s maintained by messaging on the
slow associated control channel (SACCH). The base station
110,111, 114 relies on the remote station’s 123-127 SACCH
report containing such information as, for example, the value
of RX(Qual of a remote station 123-127, to decide what to do
next. The SACCH 1s transmitted once during every SACCH
period. Each SACCH period 1s 104 frames long (480 ms)
unless enhanced power control (EPC) 1s used, in which case
the period length 1s reduced to 26 frames (120 ms). The
remote station 123-127 transmits a report, in a SACCH
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period, indicating the performance of the SACCH during the
previous SACCH period. Theretore there 1s a 480 ms or 120
ms delay in reporting.

The network and may apply a time offset between commu-
nication signals of neighbor cells (Step 1530), especially
between those signals that have significant co-channel inter-
terence (CCI) or adjacent channel interference (ACI). For
example, the time offset may be an integer number of data
frame durations. As a result, even though the SACCH 1s
transmitted by a base station with greater power than the
power of the TCH, only one cell 1n a cluster of cells 1s raising
the power level of its SACCH at any time.

The time offset may be different for each of several remote
stations, each remote station’s SACCH therefore being offset
in time from the SACCHs of the other remote stations. In
order to apply frame oflsets 1n this way, the network may
synchronize the transmissions of base stations, for example
by several base stations utilizing a common time reference
and each base station applying a time offset which 1s relative
to the common time reference.

The ofisetting of the SACCH transmissions for two or
more remote stations, described above, thus partly overcomes
the problem that co-channel operation degrades the quality of
the SACCH data received by at least one of the remote paired
remote stations 123-127, due to interference from data for the
other remote station 123-127. SACCH data 1s affected worse
by co-channel operation than traffic (TCH) data because the
SACCH has no redundancy, 1.e., every SACCH frame must be
received with few errors.

More particularly, a time offset may be applied to all the
data, or only to the SACCH data (e.g. not to traffic data), or at
least to the SACCH data transmitted by a base station.
Described below 1s an example implementation wherein first
and second SACCH data are offset from one another 1n time.

DTX Performance Analysis

FIG. 19 shows an example of TDMA frame mapping for
traffic channel half-rate speech (TCH/HS) and slow associ-
ated control channel/Half-Rate Speech (SACCH/HS) 1n
legacy VAMOS mode.

FIG. 20 shows an example of TDMA frame mapping for
traffic channel hali-rate speech (TCH/HS) and slow associ-
ated control channel/Half-Rate Speech (SACCH/HS) 1n
Shifted-SACCH mode.

For instance, there are 4 users (ul to ud) reusing 2 half-rate
(HR) channels. The users ul and u2 are legacy remote stations
123-127 using the legacy TDMA frame mapping. The users
u3 and ud (or u3' and ud') are two VAMOS enabled remote
stations 123-127. The differences between u3 and u3'(or
between ud and ud') are that they using different frame map-
ping methods. The former uses a legacy frame mapping
method, the latter uses the Shifted-SACCH mapping method.
The remote stations 123-127 ul and u3 (or u3') are two paired
users 1n one half-rate (HR) channel. The remote stations
123-127 u2 and u4 (or ud') are two paired users 1n the other
HR channel.

Discontinuous transmission (ID'TX) during speech mactiv-
ity 1s applied in various cellular speech communication sys-
tems. This 1s a technique 1n essence to turn oif the transmis-
sion during periods of speech silence. The purpose 1s to
reduce interference caused to other users concurrently trans-
mitting on the air interface and to save battery power 1n the
remote stations 123-127. DTX 1s operated during speech
frames. The SACCH signaling frame does not use this DTX
mode. That 1s to say, 1f the parred MUROS users employ the
mapping method in legacy VAMOS mode as shown 1n FIG.
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19, the SACCH may not get benefit from DTX 1n the same
way that TCH does get benefit from DTX. The interference of
the SACCH {for a first of two paired remote stations 1s con-
tinuously present at the receiver of the second paired remote
station.

On the other hand, 11 the paired MUROS users employ the
mapping method i Shifted-SACCH mode shown as FI1G. 20,
SACCH information for the first paired remote station 1s
transmitted simultaneously with the TCH frame of the second
paired remote station and vice versa. If D'TX 1s enabled or
active, SACCH information could be transmitted in GMSK
modulation with full power when the paired user’s speech 1s
inactive, thereby making the SACCH data link more immune
to degradation of the link. Therefore 1n this case, the SACCH
performance 1s improved.

Relative performance of the Associated Control Channel
(ACCH) compared against the traffic channel (TCH) was
evaluated by graphing ACCH link level performance. The
ACCH comprises the fast associated control channel
(FACCH) and the slow associated control channel (SACCH).

FI1G. 21 1s anillustration of a DTX performance analysis of
the C/Iused by SACCH for 1% FER versus the C/I used for
TCH for 1% FER. The figure represents the relative perfor-
mance of a legacy DARP recerver and a MUROS (or
VAMOS) receiver, including comparison with and without
DTX. Curve 211 represents legacy DARP TCH. Curve 212
represents legacy DARP SACCH. Curve 213 represents
MUROS (VAMOS) TCH with no DTX. Curve 214 represents
MUROS (VAMOS) SACCH with no DTX. Curve 215 repre-
sents MUROS (VAMOS) TCH with no DTX. Curve 216
represents MUROS (VAMOS) shifted SACCH with DTX. As
FIG. 21 shows, the identification letters a and b denote the
difference 1n the value of C/I used to achueve a 1% FER (1) for
the SACCH and TCH of the legacy DARP receiver and (11) for
the SACCH and TCH of the VAMOS receiver, respectively.
For example 1dentification, a, on the graph 1llustrates that the
legacy DARP SACCH (curve 212) uses a higher C/I ratio to
achieve a 1% FER than the legacy DARP TCH (curve 211).
Likewise identification, b, on the graph illustrates that the
MUROS SACCH with no DTX on (curve 214) uses a higher
C/I ratio to achieve a 1% FER than the MUROS TCH with no
DTX on (curve 213).

The values ¢ and d denote the performance improvement of
the TCH (curve 215) and the SACCH (curve 216) when DTX
1s on for a MUROS/VAMOS recerver. For example, 1dentifi-
cation d on the graph 1illustrates that the MUROS SACCH
withno DTX (curve 214) requires a higher C/Iratio to achieve
a 1% FER than the Shifted-SACCH with DTX (curve 216).

Likewise, identification ¢ of the graph 1illustrates that the
MUROS TCH with no DTX (s curve 213) requires a higher
C/I ratio to achieve a 1% FER than the MUROS TCH with
DTX on (curve 215). For simplicity, 1% FER point1s used for
both TCH and SACCH. Thus, the performance degradation of
SACCH when VAMOS 1s mtroduced could be obtained as

follows:

SACCH ;5001 =0-a,when DTX is off

SACCH,; gpuan=0+c-a legacy MUROS mode when
DTX 1s on

SACCH,; 0y 0q3=0-d+c-a,shitted-SACCH mode when
DTX 1s on.

From above it can be seen that the performance degradation

will be greater when DTX 1s on (1.e. active). That 1s, the ratio

ofthe C/Iusedto achieve a 1% FER forthe SACCH, to the C/I
used for the TCH, 1.e. the degradation associated with the
SACCH, 1s greater for legacy MUROS remote terminals 123-

10

15

20

25

30

35

40

45

50

55

60

65

38

127 than for legacy DARP remote terminals 123-127, 1.e.,
SACCH 40,027 SACCH 0, 01

A legacy MUROS remote terminal does not use the time-
shifted SACCH or shifted-SACCH mode. A non-legacy
MUROS remote station uses the time-shifted SACCH 1.e.
operates 1n shifted-SACCH mode.

If the shifted-SACCH method 1s employed for MUROS
users, the situation will be improved. That 1s, the performance
degradation will be less because the SACCH signal transmiut-
ted by a first base station for a first remote station will not
interfere with the SACCH signal transmitted by the first base
station for a second remote station. Equally the SACCH sig-
nal transmitted by the first base station for the second remote
station will not iterfere with the SACCH signal transmitted
by the first base station for the first remote station.

The SACCH signals do not interfere because they are time-

shifted relative to each other 1.e. they are substantially non-
cotemporaneous. The relative performance of SACCH
against TCH for a shifted-SACCH mode could even be
smaller than that of legacy DARP recerver.

Consequently, SACCH degrad3 may be smaller than zero.
The difference between the SACCH and the TCH C/I per-

formance could be reduced by using a shifted SACCH. The
link level performance of SACCH would match better with
the TCH. That 1s, the C/I used by the SACCH to achieve a 1%
FER would be much closer to the C/I used by the TCH 1f the
SACCH for the first remote station 1s staggered or time-
shifted relative to the SACCH for the second remote station.
This would increase voice capacity for situations 1n which the
SACCH communication channel i1s subject to performance
degradation while the TCH communication channel has
adequate performance.

Simulation Assumptions:

The simulation assumptions are shown 1n Table 7 below.

TABLE 7

Simulation assumptions of link performance

Parameter Value

Propagation Typical Urban (TU)

Environment

Terminal speed 3 km/h
Frequency band 900 MHz
Frequency hopping Ideal
Interference/noise MTS-1, MTS-2
Antenna diversity No

DARP receiver VAR recerver

legacy linearized GMSK pulse shape
Existing sequence and new sequence

Tx pulse shape
Trainning sequence

proposed by NSN
Channel type TCH AHS4.75, SACCH
Interference GMSK, QPSK
modulation type
SCPIR 0,-3dB
DTX On/Off

Simulation Results:

FIG. 22A 15 a graph of the TCH and SACCH performance
without DTX. Curve 221 represents performance for SACCH
and curve 222 represents performance for TCH DTX was
modeled by a Markov state model with activity of 0.6 with
average activity period of 1 s.

FIG. 22B 1s a graph of the TCH and SACCH performance
with and without D'TX. Curve 223 represents performance for
TCH with DTX, curve 224 represents performance for TCH
with no DTX, curve 225 represents performance for SACCH
with no DTX and curve 226 represents performance for
SACCH with DTX.
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Simulation results of SACCH relative performance with
and without DTX are tabulated in Table 8 and Table 9 below.

TABLE 8

40

results are given 1n Tables 11 and 12. Table 12 illustrates the
advantage of using shifted-SACCH.

SACCH relative performance compared to TCH for DTX, MTS1

Legacy
DARP OSC__GMSKIntf OSC_GMSKIntf legacyMUROS__ DT OSC__GMSKIntf ShiftedSACCH__ DT
TCH/AHS4.75 0dB 0dB -0.5 dB -0.5dB
SACCH 1.8 Db 2.6 dB 2.6 dB 1.2 dB
TABLE 9
SACCH relative performance compared to TCH for DTX, MTS2
legacy
DARP MUROS_ -3dB_QPSKIntf MUROS_ -3dB_ QPSKIntf legacyMUROS__ DTX
TCH/AHS4.75 0dB 0dB -0.6 dB
SACCH 1.8 dB 2.9 dB 2.9dB
MUROS_ -3dB__ QPSKIntf_ ShiftedSACCH__ DTX
TCH/AHS4.75 -0.6 dB
SACCH 1.3dB

From Table 8 above, it can be seen that the relative perfor-

mance of SACCH versus the traffic channel for a half-rate
channel coder 4.75 (TCH/AHS4.75) 1s degraded in legacy

MUROS mode (4th column) when DTX 1s on compared with
the degradation found 1n a legacy DARP recerver (2nd col-
umn) The relative value in mobile telephone system 1
(MTS1)1sirom 2.6 dB to 3.1 dB. The degradation of SACCH
versus TCH/AHS4.75 1n MUROS mode compared to a
legacy DARP receiver 1s from 0.8 dB to 1.3 dB. If the shitted-
SACCH method 1s used, the relative performance of SACCH
1s better than a legacy DARP receiver.

The same situation also exists in a MTS2 example as 1llus-
trated 1n Table 9. The degradation 1s from 1.1 dB to 1.7 dB

when DTX i1s on. If a shifted-SACCH method was used, the

loss of SACCH relative performance to a TCH would be
decreased from 1.7 dB t0 0.1 dB in amobile telephone system

2 (MTS2) scenario.

It 1s noted that the simulation results here are not the maxi-
mum degradation value. Some aspects such as SCPIR inter-
ference type may intluence the degradation value. Then the
link level performance degradation of SACCH for VAMOS

may not be neglected.

In one example of SACCH performance, absolute pertfor-
mance 1s checked against a spec point of a DARP recerver.
The value 1s shown 1n Table 10. Next, another criteria of
associated control channel (ACCH) performance evaluation
was measured. Relative performance of the ACCH compared
against the traflic channel was simulated at the link level.

TABLE 10

SACCH absolute performance degradation

MTS-1 MTS-2

SACCH absolute performance compared 6 dB 4 db

with DARP spec point

In another example, the relative performance of SACCH
versus TCH 1n DTX mode 1s further considered. Simulation
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TABLE 11

Relative value between SACCH and TCH bv introducing VAMOS

MTS-1 MTS-2
the relative value between SACCH and TCH of 1.8 dB 1.8 dB
the legacy DARP receiver (non-VAMOS)
the relative value between SACCH and TCH in 2.6dB 2.9dB
VAMOS mode
the relative value between SACCH and TCH in 3.1dB 3.5dB
VAMOS mode when DTX 1s on
the relative value degradation by introducing 1.3dB 1.7 dB

VAMOS

TABLE 12

performance improvement after using Shifted SACCH scheme

MTS-1 MTS-2
the relative value between SACCH and TCH 1n 3.1dB 3.5dB
VAMOS when DTX 1s on
SACCH performance improvement using Shifted 1.4 dB 1.6 dB
SACCH scheme when DTX 1s on
the relative value between SACCH and TCH 1.7 dB 1.9 dB

using Shifted SACCH scheme

From Table 11 i1t can be seen that the relative value between
SACCH and TCH 1s degraded about 1.7 dB when VAMOS 1s
introduced. It a shifted SACCH method was used, the perfor-

mance of SACCH would be improved and the relative value
between the C/Iused by the SACCH and the TCH for 1% FER
would be maintained at legacy non-VAMOS level. The results
can be seen 1n the last row of Table 12.

In addition, all the results above are based on a fixed SCPIR
all through the 26-multiframe. For further SACCH perfor-

mance improvement, the SCPIR may be adjusted at the
SACCH frame allocation. With the same transmission power
level, the SACCH sub channel may have higher power ratio
while the TCH sub channel has a little bit lower power ratio.
Therelative performance of SACCH and TCH may be further

improved with an appropriate SCPIR value.
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Compatibility Consideration

Impacts on the Remote Station 123-127

The presented concept operation uses at least one VAMOS
mobile station supporting Shifted SACCH mapping in the
paired users. The VAMOS mobile station can operate using,
the new mapping method within a 26-multiframe. The sup-
port of Shifted SACCH mapping is signaled to the network.
There 1s minimal 1mpact on the measurement results of the
remote terminal 123-127 and minimal impact on the hard-
ware 1implementation.

Impacts on the BS 110, 111, 114

Both the transmitter and receiver are used to implement the
new mapping method in VAMOS mode. When the BS 110,
111, 114 triggers the downlink power control, a delay of
several frames for SACCH information between the two sub-
channels may be taken into account. The downlink power
level decided by the BS 110, 111, 114 may be kept the same
as that 1n a legacy mapping method because of the un-1m-
pacted measurement results. For the uplink power control, the
BS 110,111, 114 handles the measurements for two subchan-
nels separately, and makes a decision on uplink power levels
tor the two subchannels based on their measurement results.
The difference between the shifted SACCH and the legacy
SACCH methods 1s that the power control commands may
not be sent to the two users at the same frame. The receiving,
time 1n the remote terminal 123-127 side has a slight interval
between these power control commands. Since the power
control period 1s typically 1.5 sec, such a small interval may
be msigmficant.

There 1s minimal traffic channel performance degradation
when only shifting a SACCH frame position. Regarding the
TCH frames position changes after a SACCH frame 1is
shifted, the maximum speech block interval 1s just one frame
more than 1n the legacy mapping case. This kind of tolerance
1s acceptable by the BS 110, 111, 114.

Using a shifted SACCH method impacts the mapping
scheme of the users in VAMOS mode. Thus, there 1s mnsig-
nificant impact on the Abis imterface and A interface than that
caused by using the VAMOS mode.

In the above examples, the impact of D'TX on the SACCH
relative performance was analyzed and some simulation
results were presented. From the analyses and the simulation
results, 1t may be seen that the link level performance of
SACCH may benefit from using a shifted-SACCH method
especially in a DTX mode.

From the above analyses, shifted SACCH 1s a simple solu-
tion to achieve the purpose of improving the relative perfor-
mance of SACCH compared against TCH at legacy non-
VAMOS level. Furthermore, shifting SACCH {frame
allocation allows more flexibility to balance the performance
between SACCH and TCH by simply tuning the SCPIR.

In another example, using repeated SACCH 1s an alterna-
tive solution to improve the performance of SACCH.

The skilled person would understand that method steps
described 1n the description and illustrated i the accompa-
nying drawings can be interchanged without departing from
the scope of the invention.

The skilled person would understand that information and
signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions,
commands, information, signals, bits and symbols that may
be referenced in the description may be represented by volt-
ages, currents, electromagnetic waves, magnetic fields or par-
ticles, optical fields or particles, or any combination thereof.

The skilled person would further appreciate that the vari-
ous 1llustrative logical blocks, modules, circuits, and algo-
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rithm steps described 1n connection with the examples dis-
closed herein may be implemented as electronic hardware,
computer soltware, or combinations of both. To clearly 1llus-
trate this interchangeability of hardware and software, vari-
ous 1llustrative components, blocks, modules, circuits, and
steps have been described above generally 1n terms of their
functionality. Whether such functionality 1s implemented as
hardware or software depends upon the particular application
and desi1gn constraints imposed on the overall system. Skilled
persons may implement the described functionality 1n vary-
ing ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a depar-
ture from the scope of the present invention.

The various 1illustrative logical blocks, modules, and cir-
cuits described in connection with the examples disclosed
herein may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an appli-
cation specific mtegrated circuit (ASIC), a field program-
mable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but 1n the alternative, the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
One Or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of amethod or algorithm described 1n connection
with the examples disclosed herein may be embodied directly
in hardware, 1n a software module executed by a processor, or
in a combination of the two. A software module may reside 1n
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM, or any other form of storage medium
known 1n the art. An example storage medium 1s coupled to
the processor such the processor can read mnformation from,
and write mformation to, the storage medium. In another
example, the storage medium may be integral to the proces-
sor. The processor and the storage medium may reside 1n an
ASIC. The ASIC may reside 1n a user terminal. Alternatively,
the processor and the storage medium may reside as discrete
components 1n a user terminal.

The description of the disclosed examples 1s provided to
enable any person skilled 1n the art to make or use the present
invention. Various modifications to these examples will be
readily apparent to those skilled i the art, and the generic
principles defined herein may be applied to other examples
without departing from the spirit or scope of the invention.
Thus, the present invention 1s not intended to be limited to the
examples shown herein but 1s to be accorded the widest scope
consistent with the principles and novel features disclosed
herein.

What 1s claimed 1s:
1. A method for determining capabilities of a remote ter-
minal by a base station, the method comprising:

maintaining an active voice call with the remote terminal;

sending a single discovery burst to the remote terminal
during a first time interval;

recerving a first response from the remote terminal;

sending multiple discovery bursts to the remote terminal
during a second time interval following the first time
interval;

recerving a second response from the remote terminal;
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sending a progressively increasing number of discovery
bursts to the remote terminal during subsequent time
intervals until a threshold 1s reached; and

determining whether the remote terminal 1s capable of

multi-user on one slot operation based on the first
response and the second response.

2. The method of claim 1, wherein the single discovery
burst 1s sent 1n place of a slow associated control channel
frame.

3. The method of claim 1, wherein a known interference
pattern 1s superimposed on the single discovery burst.

4. The method of claim 1, wherein the single discovery
burst comprises a first signal and a second signal on a single
channel, wherein the first signal comprises traflic data for the
remote terminal, wherein the traific data comprises a first
predefined data sequence, wherein the second signal com-
prises a co-channel signal, and wherein the co-channel signal
comprises a second predefined data sequence.

5. The method of claim 1, wherein the first response indi-
cates a bit error probability measured by the remote terminal.

6. The method of claim 1, wherein the first response indi-
cates an Rx(Qual parameter for one slow associated control
channel period.

7. The method of claim 1, wherein the first response 1ndi-
cates an RxLev parameter indicating average signal strength
received.

8. The method of claim 1, wherein no discovery burst 1s
sent during a third time interval immediately following the
first time 1nterval and preceding the second time nterval.

9. The method of claim 1, turther comprising selecting the
remote terminal for co-channel operation i1 the remote termi-
nal 1s capable of multi-user on one slot operation.

10. An apparatus for determining capabilities of a remote
terminal by a base station, comprising:

a Processor;

memory in electronic communication with the processor;

and

instructions stored in the memory, the instructions being

executable by the processor to:
maintain an active voice call with the remote terminal;

send a single discovery burst to the remote terminal
during a first time interval,

receive a first response from the remote terminal;

send multiple discovery bursts to the remote terminal
during a second time interval following the first time
interval;

receive a second response from the remote terminal;

send a progressively increasing number of discovery
bursts to the remote terminal during subsequent time
intervals until a threshold 1s reached; and

determine whether the remote terminal 1s capable of
multi-user on one slot operation based on the first
response and the second response.

11. The apparatus of claim 10, wherein the single discovery
burst 1s sent 1n place of a slow associated control channel
frame.

12. The apparatus of claim 10, wherein a known 1nterfer-
ence pattern 1s superimposed on the single discovery burst.

13. The apparatus of claim 10, wherein the single discovery
burst comprises a first signal and a second signal on a single
channel, wherein the first signal comprises trailic data for the
remote terminal, wherein the traffic data comprises a first
predefined data sequence, wherein the second signal com-
prises a co-channel signal, and wherein the co-channel signal
comprises a second predefined data sequence.
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14. The apparatus of claim 10, wherein the first response
indicates a bit error probability measured by the remote ter-
minal.

15. The apparatus of claim 10, wherein the first response
indicates an RxQual parameter for one slow associated con-
trol channel period.

16. The apparatus of claim 10, wherein the first response
indicates an RxLev parameter indicating average signal
strength recerved.

17. The apparatus of claim 10, wherein no discovery burst
1s sent during a third time interval immediately following the
first time 1nterval and preceding the second time interval.

18. A non-transitory computer-readable medium having
instructions thereon, the mstructions comprising:

code for causing a base station to maintain an active voice

call with a remote terminal;

code for causing the base station to send a single discovery

burst to the remote terminal during a first time 1nterval;
code for causing the base station to recerve a first response
from the remote terminal;

code for causing the base station to send multiple discovery

bursts to the remote terminal during a second time inter-
val following the first time 1nterval;

code for causing the base station to receive a second

response from the remote terminal;

code for causing the base station to send a progressively

increasing number of discovery bursts to the remote
terminal during subsequent time 1ntervals until a thresh-
old 1s reached; and

code for causing the base station to determine whether the

remote terminal 1s capable of multi-user on one slot
operation based on the first response and the second
response.

19. The non-transitory computer-readable medium of
claim 18, wherein the single discovery burstis sent 1in place of
a slow associated control channel frame.

20. The non-transitory computer-readable medium of
claim 18, wherein a known interference pattern 1s superim-
posed on the single discovery burst.

21. The non-transitory computer-readable medium of
claim 18, wherein the single discovery burst comprises a first
signal and a second signal on a single channel, wherein the
first signal comprises traific data for the remote terminal,
wherein the traffic data comprises a first predefined data
sequence, wherein the second signal comprises a co-channel
signal, and wherein the co-channel signal comprises a second
predefined data sequence.

22. A method for providing capabilities of a remote termi-
nal to a base station, the method comprising:

maintaining an active voice call with the base station;

receving a single discovery burst from the base station

during a first time interval;

sending a first response to the base station;

recerving multiple discovery bursts from the base station

during a second time interval following the first time
interval;

sending a second response to the base station, wherein the

first response and the second response indicate whether
the remote terminal 1s capable of multi-user on one slot
operation; and

receving a progressively increasing number of discovery

bursts during subsequent time intervals until a threshold
1s reached.

23. The method of claim 22, wherein the single discovery
burst 1s received 1n place of a slow associated control channel
frame.
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24. The method of claim 22, wherein a known interference
pattern 1s superimposed on the single discovery burst.

25. The method of claim 22, wherein the single discovery
burst comprises a first signal and a second signal on a single
channel, wherein the first signal comprises tratfic data for the
remote terminal, wherein the traffic data comprises a first
predefined data sequence, wherein the second signal com-
prises a co-channel signal, and wherein the co-channel signal
comprises a second predefined data sequence.

26. An apparatus for providing capabilities of a remote
terminal to a base station, comprising:

a Processor;

memory in electronic communication with the processor;

and

instructions stored in the memory, the instructions being,

executable by the processor to:

maintain an active voice call with the base station;

receive a single discovery burst from the base station
during a first time 1nterval;

send a first response to the base station;

receive multiple discovery bursts from the base station
during a second time interval following the first time
interval;

send a second response to the base station, wherein the
first response and second response indicate whether
the remote terminal 1s capable of multi-user on one
slot operation; and

receive a progressively increasing number of discovery
bursts during subsequent time 1ntervals until a thresh-
old 1s reached.

277. The apparatus of claim 26, wherein the single discovery
burst 1s received 1n place of a slow associated control channel
frame.

28. The apparatus of claim 26, wherein a known interfer-
ence pattern 1s superimposed on the single discovery burst.

29. The apparatus of claim 26, wherein the single discovery
burst comprises a first signal and a second signal on a single
channel, wherein the first signal comprises tratiic data for the
remote terminal, wherein the traific data comprises a first
predefined data sequence, wherein the second signal com-
prises a co-channel signal, and wherein the co-channel signal
comprises a second predefined data sequence.

30. The apparatus of claim 26, wherein the first response
indicates a bit error probability measured by the remote ter-
minal.

31. The apparatus of claim 26, wherein the first response
indicates an RxQual parameter for one slow associated con-
trol channel period.

32. The apparatus of claim 26, wherein the first response
indicates an RxLev parameter indicating average signal
strength recerved.

33. The apparatus of claim 26, wherein the remote terminal
1s selected for co-channel operation if the remote terminal 1s
capable of multi-user on one slot operation.

34. An apparatus for determining capabilities of a remote
terminal by a base station, comprising:

means for maintaining an active voice call with the base

station;

means for recerving a single discovery burst from the base

station during a first time 1nterval;

means for sending a first response to the base station;
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means for receirving multiple discovery bursts from the
base station during a second time 1nterval following the
first time 1nterval;

means for sending a second response to the base station,
wherein the first response and the second response 1ndi-
cate whether the remote terminal 1s capable of multi-
user on one slot operation; and

means for recetving a progressively increasing number of

discovery bursts during subsequent time intervals until a
threshold 1s reached.

35. The apparatus of claim 34, wherein the single discovery
burst 1s received 1n place of a slow associated control channel
frame.

36. The apparatus of claim 34, wherein a known interfer-
ence pattern 1s superimposed on the single discovery burst.

3’7. The apparatus of claim 34, wherein the single discovery
burst comprises a first signal and a second signal on a single
channel, wherein the first signal comprises traffic data for the
remote terminal, wherein the traffic data comprises a first
predefined data sequence, wherein the second signal com-
prises a co-channel signal, and wherein the co-channel signal
comprises a second predefined data sequence.

38. A non-transitory computer-readable medium having
instructions thereon, the mstructions comprising:

code for causing a remote terminal to maintain an active

voice call with a base station;

code for causing the remote terminal to receive a single

discovery burst from the base station during a first time
interval;

code for causing the remote terminal to send a first

response to the base station;

code for causing the remote terminal to recerve multiple

discovery bursts from the base station during a second
time 1nterval following the first time interval;

code for causing the remote terminal to send a second

response to the base station, wherein the first response
and the second response indicate whether the remote
terminal 1s capable of multi-user on one slot operation;
and

code for causing the remote terminal to receive a progres-

stvely increasing number of discovery bursts during sub-
sequent time 1ntervals until a threshold 1s reached.

39. An apparatus for determining capabilities of a remote
terminal by a base station, comprising:

means for maintaining an active voice call with the remote

terminal;

means for sending a single discovery burst to the remote

terminal during a first time interval;

means for recewving a {irst response ifrom the remote ter-

minal;

means for sending multiple discovery bursts to the remote

terminal during a second time interval following the first
time 1nterval;

means for receiving a second response from the remote

terminal;
means for sending a progressively increasing number of
discovery bursts to the remote terminal during subse-
quent time 1ntervals until a threshold 1s reached; and

means for determining whether the remote terminal 1s
capable of multi-user on one slot operation based on the
first response and the second response.
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